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Description 

Obesity is reported to be the commonest nutritional disorder in Western societies [Zhang, Y etal.. Nature 372, 425- 
432 (1994)]. More than three in 10 adult Americans weigh at least 20% in excess pf their ideal weigh* [7h»nn ; Y et al.. 
5 supra]. Increased body weight is a pubfic health problem because it is associated with important medical morbidrtjes 
such as type II diabetes mel&tus (i.a, non-insulin-dependent diabetes meffitus), hypertension and hyperOpidaemia 
[Grundy. S.M. and Barnett Disease-a-Mouth 36. 645-696 (1990)]. There is evidence that body weight is physiologicalry 
related and the obesity (and its related conditions or diseases) are due in part to derangements in this regulation 
[Zhang, Y. et al., supra]. 

10 In rodents, there are described seven single gene mutations that result in an obese phenotype; five of which are 
present in mice. Of these seven rodent models, one of the most intensively stucfed is the obese (ob) gene mutation in 
mice, identif ied in 1950 [IngaJls, A M. et al.. J. Hered. 41. 31 7-318 (1950)]. Mice homozygous for this ob gene mutation 
are profoundly obese, develop type II diabetes meiittus, and are hyperphagic and hypometaboiic as part of a syndrome 
resembling morbid obesity in man [Friedman J.M. et ai.. Genorrws 11. 1054-1062 (1991)]. This ob gene is mapped to 

15 the mouse proximal chromosome 6 and encodes a protein (i.a. ob protein) expressed in adipose tissue [Zhang, Y et 
ai., supra]. Mice homozygous for the ob gene mutation have little to no production of this ob protein, and accordingly 
have defective regulation of body weight leading to obesity. 

The murine or human ob proteins may be administered to patients suffering from defects or mutations in their cor- 
responding obese (ob) gene, which defects or mutations prevent or interfere with the production and/br function of the 

20 ob proteins in modulating body weight. These proteins may therefore be used as a hormone-lite substance to control, 
prevent or treat obesity and its related diseases and conditions in man and am" mate. 

To use the murine or human ob proteins in this manner, these proteins can be administered through injection by a 
variety of routes, such as intraperitoneal, intravenously, intramuscularly or subcutaneousJy, in frequent dosages. Since 
it is administered frequently through injection, it is important that the murine or human ob proteins be purif ied, preferably 

25 to homogeneity, be free of wrrtaminating protein materials, and be recombinant^ expressed in a soluble and biologi- 
cally active form. It is generally known to practitioners in the field that contaminants present in injectable medication can 
often lead to toxic side-effects or adverse immunological responses. 

While the murine ob gene sequence is disclosed in Zhang, Y et al, supra, no methods of expressing the murine ob 
protein or its human counterpart have been reported, much less producing these proteins in a biologically active and 

so soluble state from which the proteins can be purified to homogeneity. Therefore it is important and is an object of this 
invention, to express and produce the murine or human ob proteins in a homogeneous, soluble, and biologically-active 
state 

It has been discovered that recombinant human and murine ob proteins can be expressed in a biologically active 
and soluble state, and thereafter purified to homogeneity suitable tor injection to patients for treating, preventing or corv 
35 troBirtg obesity and its related conditions and diseases, such as type II diabetes mellrtus, hypertension, hyperlipdaemia 
and the lite. 

In accordance with this invention, the human and murine ob proteins can be produced recombinant in a biologi- 
cally active form and purified to homogeneity by first constructing novel expression vectors for Escherichia cofi (E. coii). 
These expression vectors contain a promoter and a DNA sequence, which DNA sequence encodes a fusion protein 

40 comprising two parts: the signal peptide of the outer membrane protein A of E. cofi (i.e.. sOmpA) and the human or 
murine ob protein. In accordance with this invention, the next step for producing the bfotogicatiy active recombinant form 
of the murine and human ob proteins is to insert this expression vector in an E. coii host whereby there is obtained effi- 
cient expression and translocation of the fusion protein into the periplasms space (i e between the inner and outer ceil 
membranes of the E. coii mtcroorganism), at which point the signal peptide is excised from the ob protein leaving the 

45 ob protein in a soluble and biologically active form. Next, the ob proteins are efficiently secreted in soluble and biologi- 
cally active form into ceB free medium following treatment of the host E. coii ceils to cold osmotic shock, at which point 
the ob proteins are pur&ied to homogeneity by the sequential use of anion exchange chromatography, hydrophobic 
interaction column chromatography and gel filtration, carried out in that order. 

The present invention is also Directed to 1) an expression vector containing the DNA encoding a fusion protein 

so comprising a sOmpA signal peptide and a human or murine ob protein ; 2) to a host organism transf ected or transformed 
by such expression vector; 3) to the DNA sequence encoding the human ob protein; and 4) polyethylene or polypropyl- 
ene glycol conjugates of the ob protein. 

The present invention is further directed to methods for expressing recombinant human and murine ob proteins in 
a biologically active and soluble state, and for producing these proteins in a purified homogeneous form suitable for 

55 administration to animals and humans. 

The method for expressing and producing the murine ob protein in accordance with this invention is achieved uti- 
lizing the murine ob gene as reported by Zhang, Y. et al.. supra, the sequence for which gene is a 702 base par (bp) 
nucleotide sequence identified herein as SEQ ID NO. 1. This murine ob gene sequence comprises a 501 bp coding 
sequence or open reading frame (ORF) starting with a start codon at nucleotide 36 and terminating with a stop codon 
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at nucleotide 537, and having untranslated sequences at both the 3' and 5* ends. The ORF contains a 63 bp signal 
sequence from nucleotide 36 to 98. 

TTbs murine ob gene sequence {SEQ ID NO: 1) encodes the murine ob protein (plus its signal sequence) whose 
ELTinc scid ssqusTics is 157 srrsrtc scidG in length end !c idcrttrficd cz SEQ ID NO: 2. Sr. the protein of SEO ID !S!0: 2 
5 the first 21 amino acids represent the signal sequence of the murine ob protein. The mature murine ob protein (without 
its signal sequence) extends from amino acid 22 (Val) to amino acid 167 (Cys) and is represented by SEQ ID NO: 3. 

The method for expressing and producing the human ob protein in accordance with this invention is achieved uti- 
lizing the human ob gene, the sequence for which gene tea 690 bp nucleotide sequence identified herein as SEQ ID 
NO: 4. 

to Zhang Y etal., supra, report tte human ob gene as tto^ 

ventonal method using oSgonudeotide probes directed to the murine ob gene which can be utilized to 1) screen a 
cONA a*rary of clones derived from human adipose tissue, 2) identify those dones having the human ob germ, and 3) 
Isolate and sequence the human ob gene sequence. When sequenced by convent i on a l means, this human ob gene 
sequence is determined to have the nucleotide sequence SEQ ID NO: 4. 

is As with the murine ob gene, the human ob gene comprises a 501 bp coding sequence or open reading frame 
(ORF) starting with a start codon at nucleotide 37 and terminating with a stop codon at nucleotide 538, and having an 
untranslated sequences at both the 3* and 5* ends. The ORF contains a 63 bp signal sequence from nucleotide 37 to 99. 

This human ob gene sequence (SEQ ID NO: 4) encodes a human ob protein plus its signal sequence whose amino 
acid sequence of 1 67 amino acids in length is identified as SEQ ID NO: 5. The first 21 amino acids of this protein of 1 67 

so amino acids in length represent the signal sequence. The mature human ob protein (without its signal sequence) 
extends from amino acid 22 (Val) to amino add 167 (Cys) and is represented by SEQ ID NO: 6. 

Zhang, Y. et al., supra, report 84% identity between the murine and human ob proteins. Zhang Y et a)., supra, also 
report that variants of the murine and human proteins exist one such variant being characterized in both species by a 
deletion of glutamfne 49. Approximately 30% of cDNA clones in the Ifcraries derived from mouse adipose tissue and 

25 human adipose tissue have the codon 49 missing [Zhang, Y et al.. supra]. 
The following terms shall have the definitions set out below: 
Murine ob protein (mob) refers to the protein of SEQ ID NO: 3 whose biological properties relate to the treating, con- 
trolling or preventing obesity or its associated conditions and diseases. Specif ically, a murine ob protein is defined to 
include any protein or polypeptide having an amino acid sequence which is substantially homologous to the amino acid 

30 sequence SEQ ID NO: 3, and further having the following biological activities: 

1) When the protein or polypeptide is administered by intracerebroventricular (ICV) injection to 16-18 hour fasted 
mature obese ob/ob mice having a body weight of at least 30 grams at a dose of 20 ug or less using the methods 
of Haley and McCormick, Brit. J. Pharmacol. 12, 12-15 (1957), the protein or polypeptide: 

35 

(a) reduces food intake during a 5 hour feeding test by 50% compared to vehicle injected control mice (ED50 
for reducing food intake); and 

(b) reduces body weight gain during the 24 hours following the ICV injection by at least 50% compared to vehi- 
<o cle injected control mice (ED50 for reducing body weight gain); 

or 

2) When the protein or polypeptide is administered intraperitoneal (IP) to non-tasted mature ob/ob mice having a 
45 body weight of at least 30 grams twice a day at the beginning of daylight and again at the 3 hour point of the dark 

phase, for one week, in a total daily dose of 20 ug or less, the protein or polypeptide: 

(a) reduces 5 and 24 hour food intake by at least 20% compared to vehicle injected control mice (ED20 for 
reducing food intake); and 

so 

(b) reduces body weight gain during the 24 hours following the first IP injection by at least 20% compared to 
vehicle injected control mice (ED20 for reducing body weight gain). 

As used herein the term murine ob protein includes such proteins modified defberatety. as for example, by she 
55 directed mutagenesis or accidentally through mutations. 

Human ob protein (hob) refers to the protein of SEQ ID NO: 6 whose biological properties relate to the treating, control- 
ling or preventing obesity or its associated conditions and diseases. Specfficalty, a human ob protein is defined to 
include any protein or polypeptide having an amino acid sequence which is substantially homologous to the amino acid 
sequence SEQ ID NO: 6. and further having the following biological activities: 
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1) When the protein or polypeptide is administered ICV to 16-18 hour tasted mature obese ob/ob mice having a 
body weight of at least 30 grams at a dose of 20 ug or less using the methods of HaJey and McCorrnick, supra, the 
protein or polypeptide: 

5 (a) reduces food intake during a 5 hour feeding test by 50% compared to vehicle injected control mice (ED50 

for reducing food intake); and 

(b) reduces body weight gain during the 24 hours following the ICV injection by at least 50% compared to vehi- 
cle injected control mice (ED50 for reducing body weight gain); 

w 

or 

2) When the protein or polypeptide is administered IP to norvfasted mature ob/ob mice having a body weight of at 
least 30 grams twice a day at the beginning of daylight and again at tie 3 hour point of the dark phase, for one 

is week, in a total dafly dose of 20 ug or less, the protein or polypeptide: 

(a) reduces 5 and 24 hour food intake by at least 20% compared to vehicle injected control nice (ED20 for 
reducing food intake); and 

so (b) reduces body weight gab during the 24 hours following the first IP injection by at least 20% compared to 

vehicle injected control mice (ED20 tor reducing body weight gain). 

As used herein the term human ob protein includes such proteins modified deifoeratery, as for example, by site 
directed mutagenesis or accidentally through mutations. 

25 Substantially homologous which can rater both tn nurAmr. arid anri ammo ariH carp icmrac mngn^ ^ B pyi^nr gu fr. 

ject sequence, for example, a mutant sequence, varies from a reference sequence by one or more substitutions, dele- 
tions, or adoptions, the net effect of which do not result in an adverse functional dissimilarity between the reference and 
subject sequences. For purposes of the present invention, sequences having greater than 95 percent homology, equiv- 
alent biological properties, and equivalent expression characteristics are considered substantially honiotogous. For pur- 
30 poses of determining homology, truncation of the mature sequence should be disregarded. Sequences having lesser 
degrees of homology, comparable btoactrvity, and equivalent expression characteristics are considered substantial 
equivalents. Generally, homologous DNA sequences can be identified by cross-hybridization under standard hybridiza- 
tion oondrtions of moderate stringency. 

Fragment of the murine or -human ob protein means any protein or polypeptide having the amino acid sequence of a 
35 portion or fragment of a murine or human ob protein, and which has the biological activity of the murine or human ob 
protein, respectively. Fragments include proteins or polypeptides produced by proteolytic degradation of the murine or 
human ob proteins or produced by chemical synthesis by methods routine in the art 

An ob protein or fragment thereof is biologically active when administration of the protein or fragment to a mammal, 
including man, reduces food intake and reduces the rate of weight gain in the mammal. Determining such biological 
40 activity of the human or murine ob protein can be caried out by conventional, well known tests utilized for such purposes 
on one a more species of mammals, particularly the obese ob/ob mouse. Several of these tests which can be utilized 
to demonstrate such biological activity are described herein. In determining biological activity in accordance with the 
ICV test in ob/ob mice as described herein, the human or murine ob protein preferably has an ED50 for reducing food 
intake of 20 ug or less and an ED50 for reducing body weight gain of 20 pg or less. Alternatively, in determining bioJog- 
46 ical activity of the human or murine ob protein in accordance with the IP test in ob/ob mice as described herein, the 
human or murine ob protein preferably has an ED20 for reducing food intake of 20 ug or less and an ED20 lor reducing 
body weight gain of 20 ug or less. Generally, fragments which exhibit the above mentioned biological activity are pre- 
ferred. 

Replicon is any genetic element (e.g.. plasmid, chromosome, virus) that functions as an autonomous unit of DNA rep- 

so licatkxi in vivo, i.e., capable of replication under its own control. 

Expression vector is a replicon, such as a plasmid. phage or cosmtd. to which another DNA segment may be attached 
so as to bring about the replication of the attached segment It comprises a transcriptional unit ccfnpristng an assembly 
of (1) a genetic element or elements having a regulatory role in gene expression, for example, promoters or enhancers, 
(2) a structural or coding sequence which is transcribed into mRNA and translated into protein, and (3) appropriate trarv 

ss scription initiation and termination sequences. 

Clone is a group of DNA molecules derived from one original length of DNA sequences and produced by a bacterium 
or virus using genetic engineering techniques, often involving piasmids. 

Signal sequence is the nucleic acid sequence located at the beginning (5* end) of the coding sequence of a protein to 
be expressed. This signal sequence encodes a signal peptide, N-terrrinal to the newly synthesized protein, that directs 
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the host ceQ to translocate the protein toward or through the host ced membrane, and which signal peptide ts usually 
excised during such translocation. 

Start CQdPfl is a codon usually ATG located in the coding sequence of a protein, and usually at the 5* end, and signals 
the first arrino acid in a protein sequence. 
5 Stoo codon is a nonsense codon located in and usually at the 3* end of a coding sequence of a protein, and signals the 
end of a growing polypeptide chain. 

Ooen Reading Frame fORR is a linear array of codon triplets in double-stranded DMA encoding an amino acid 
sequence in a cell in vitro or in vivo when placed under the control of appropriate regulatory sequences. The boundaries 
of the ORF are determined by a start codon at the 5* terminus and a stop codon at the 3' terminus, ft may also be 

io referred to as a "coding sequence". 

Prompter sequence, is DNA regulatory region capable of binding RNA polymerase in a cefl and initiating transcription 
of a downstream (3' direction) open reading frame of one or more structural genes. The promoter sequence is usually 
located at the 5* end of the signal sequence or open rearing frame and extends upstream in the 5* direction to include 
the minimum number of bases or elements necessary to initiate transcription of flie polypeptide at a level detectable 

i5 above background. 

A coding sequence or ORF is under the control of a promoter sequence when RNA polymerase transcribes the coding 
sequence into mRNA. 

A composition comprising A (where A is a single potypeptide) is homogeneous for A when there is no detectable 
quantity of contaminating proteins or other endogenous materials, as detected by conventional means, for example. 
20 staining of pdyacryiamide gela For purposes of this invention, the term homogeneous shafl refer to a composition com- 
prising a single protein or polypeptide when at least 95% by weight of the composition is that single protein or polypep- 
tide. 

The following steps outline the methods for recornbcnantly expressing the human and murine ob proteins in a bio- 
logically active and soluble cell -free state, free of other mammalian proteins, from which the ob proteins can then be 
25 purified to homogeneity. These steps are exemplified in detail in the examples. 

1) Obtaining the mouse and huma n ob genes. 

The cONA (SEQ ID NO. 1) encoding the murine ob protein plus its natural signal sequence is published in Zhang, 

30 Y. etal.. supra. This murine cONA has been isolated and amplified by PCR technique using oligooeaxynucfeotide DNA 
primers by conventional techniques. These DNA primers and the methods for obtaining them are described in Zhang, 
Y. et al.. supra. " 

The cDNA (SEQ ID NO. 4) encoding the human ob protein plus its natural signal sequence is obtained using the 
same olig^xtecocynucleotide DNA primers as used in Zhang, Y et al., supra to obtain the murine ob gene. By using con- 

35 ventional technique, this human cDNA has been isolated from a lambda phage cDNA Bbrary made from RNA derived 
from human adipocyte tissue. 

The human or mouse ob cDNA may be obtained not only from cDNA libraries, but by other conventional means, 
e.g.. by chemical synthesis, or by cloning genomic DNA, or fragments thereof, purified from the desired cell . These pro- 
cedures are described by Sambrook et al., in "DNA Cloning: A Practical Approach". Vol. I and II. D.N. Glover, ed.. 1985. 

40 MRU Press. Ltd., Oxford, UK.; Benton and Davis, Science 196. 180-182 (1977); and Grunstetn and Hogness, Proc. 
Nat. Acad. Set. 72. 3961-3965 (1 975). To obtain the human or mouse ob cDNA from cDNA libraries, the cDNA libraries 
are screened by conventional DNA hybridization techniques by the methods of Benton and Davis, supra, or Qrunstein 
and Hogness, supra, using primers prepared by reverse transcription of polyadenytated RNA isolated from murine adi- 
pose ceBs containing the murine ob gena Clones which hybridize to the primers are analyzed by restriction endonude- 

45 ase cleavage, agarose gel electrophoresis, and additional hybridization experiments CSouthem Wots") involving the 
electrophoresed primers. After isolating several clones which hybridized to the murine cONA probes, the hybridizing 
segment of one done is subdoned and sequenced by conventional techniques. 

Clones derived from genomic DNA may contain regulatory and intron DNA regions in addition to coding regions: 
clones derived from cDNA will not contain intron sequences. In the molecular cloning of the gene from genomic DNA, 

so DNA fragments are generated, some of which will encode the desired gene. The DNA may be deaved at specific sites 
using various restriction enzymes. Alternatively, one may use DNAse in the presence of manganese to fragment the 
DNA, or the DNA can be physically sheared, as for example, by sonication. The linear DNA fragments can then be sep- 
arated according to size by standard techniques, inducing but not limited to, agarose and pdyacryiamide gel electro- 
phoresis and column chromatography. 

55 Whatever the source, the human or murine ob gene may be molecuJary cloned into a suitable vector for propaga- 
tion of the gene by methods known in the art. Any commerdaliy available vector may be used. For example, the mouse 
cDNA may be inserted into a pCDNA3 vector and the human cDNA may be inserted into a pBluescriptSK* vector. 
Appropriate vectors for use with bacterial hosts are described by Pouwels et al, in "Cloning Vectors: A Laboratory Man- 
ual", 1985, Elsevier, N Y. As a representative but nonlimiting example, useful cloning vectors for bacterial use can com- 
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prise a selectable marker and bacteria) origin of replication derived from commercially available pfasmkfe which are in 
tun derived from the wefl known cloning vector pBR322 (ATCC 3701 7). Such corrtmerdal vectors include, tor example, 
pKK223-3 (Pharmacia Fine Chemicals. Uppsala. Sweden) and pGEM1 (Promega Bkrtec Madison, Wise.. USA). 

I ne nucieooie sequences w" ihe human or murine ob gene inseriw in iht&e CuiTaTtefCiany uvoiidijie vwCtQfS can 
5 be verified by methods known in the art by standard nucleotide sequencing techniques. 

Other nucleic acids that code for ob proteins of species other than human or rnurine may be used herein. Accord- 
ingly, while specific DNA has been cloned and sequenced in relation to the human and mouse ob gene, any animal adi- 
pocyte potentially can be used as the nucleic add source of the ob protein. 

10 2) Construction of an Expression Vector for the human and mu rine ob protein. 

The human or rnurine ob gene cloned in accordance with the methods described above are used to construct the 
expression vectors for the human and murine ob proteins, respectively. 

For expression of the biologically active human and murine ob protein by a transfected or transformed E. cofi host 
is ceS and for secretion of the ob protein into the periplasm, a novel expression vector can be utilized. This expression vec- 
tor includes a promoter and a DNA sequence encoolng a fusion protein. The fusion protein c on sists of two parts: the 
first part being a signal peptide for the out er merrtwane protei n A of E . cofi (sOmpA) and the second part of the fusion 
protein being the human or murine ob protein (minus their own natural signal sequences). The DNA sequence encoding 
this fusion protein also consists of two parts: a first part mat encodes the sOmpA peptide and a second part that 
20 encodes the murine or human ob protein (minus their natural signal sequences). The first part of the DNA sequence 
that encodes the sOmpA peptide is the signal sequence described by De Sutter. K. et al., Gene 141, 163-170 (1994) 
and has the nucleotide sequence of SEQ ID NO: 7 The second part of the two-part DNA sequence encodes the murine 
or human ob proteins and has the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 4, respectively minus that por- 
tion of the nucleotide sequence that encodes the respective natural signal sequences. 
25 The signal peptide encoded by the sOmpA signal sequence of SEQ ID NO: 7 has the amino acid sequence SEQ 
ID NO: 8 as reported by De Sutter. K. et al.. supra. 

The novel expression vector of this invention is achieved by inserting the promoter and DNA sequence encoding 
the fusion protein into a conventional expression vector suitable for expression of recombinant proteins in E. cofi host 
cells. 

so In constructing this novel expression vector in accordance with this invention, any promoter may be used as long 
as it is capable of controlling transcription of the fusion protein comprising the sOmpA peptide and the ob protein in the 
E. coli host cell. When the sOmpA is used as the signal peptide, it is preferable to use both the lac-operator promoter 
{PO^) and the lipoprotein promoter (P^,). Other useful promoters for such expression in E. cdi include the 17 RNA 
polymerase promoter described by Studier et ah. J. MoT Biol. 189, 113-130 (1986), the lacz promoter described by 

35 Lauer, J. MoJ. AppJ. Genet. 1 . 139-1 47 (1981) and available from the American Type Culture Collection (ATCC) as ATCC 
37121, the tac promoter descri>ed by Maniatis, in "Molecular Cloning: A Laboratory Manual", Cofcf Spring Harbor 1982, 
and available as ATCC 37138, the alkaline phosphatase (phoA) promoter, and the trp promoter described by Goeddel 
et al., Nucleic Acids Research 8, 4057-4075 (1980). Other promoters have been discovered and utilized in E. coli and 
details concerning their nucleotide sequences, enabling a skilled worker to ligate them functionally within the expres- 

40 sion vector of this invention, have been published (Siebenlist et al., Cell 20, 269-281 (1980). 
Specifically, an expression vector comprises: 

a) a promoter sequence, and 

b) a DNA sequence encoding a fusion protein, which fusion protein comprises the murine ob protein of SEQ ID NO: 
45 3 or the human ob protein of SEQ ID NO: 6, and the signal peptide for the outer membrane protein A of E. cofi. 

Next, the method for constructing this novel expression vector is described. This method is further detailed in the 
Examples and depicted in Figures 2 and 3. First, the coding sequence of the human or mouse ob gene (minus its nat- 
ural signal sequence) is incorporated into a plasmid containing the sOmpA signal sequence, such as the plasrnid 

so pTIOsOrnpArPDI. This pT1 OsOmpArPDI plasmid and its construction and preparation is described by De Sutter, K. et 
al.. supra Once incorporated into this plasmid. the human or mouse ob gene is fused to this sOmpA gene to create a 
"hybrid gene sequence" in this plasmid. The sOmpA gene must be upstream of the 5* region of the ob gene coding 
sequence. Thereafter, promoters as enumerated above, and preferably the lipoprotein promoter (P^J and the lac pro- 
moter-operator (POfcJ. are incorporated into this plasmid containing the hybrid gene sequence to create the expres- 

ss sion vectors of this invention. Two embodments of these expression vectors are identified as pLPPsOmpA mob and 
pLPPsOmpA hobl and are depicted in Figures 2 and 3, respectively. 

Any method or procedure known in the art to construct such a plasrnid may be used. Moreover, the order by which 
one fuses the sOmpA and ob gene sequences, incorporates the gene sequences into a suitable plasmid, and incorpo- 
rates the promoter to arrive at the expression vector of this invention is not critical. For example, the sOmpA gene 



6 



EP0741 187 A2 

sequence can be initially fused to the murine or human ob gene sequence directly to create a hybrid gene sequence, 
and then this hybrid sequence inserted into a piasmid having already incorporated therein the appropriate promoters. 
It is necessary however that the sOmpA gene sequence be upstream at the & end of the murine or ob gene sequence. 
K has been discovered that by using such novel expression vector, and in narttcyJar; by using the sijf.a! ssquerice 
5 encodng the sOrrpA, the murine or human ob proteins can be translocated to the peripiasmic space, where the signal 
peptide is appropriately cleaved leaving intact the human or murine ob proteins therein in a soluble and biologically 
active term. Once in this peripiasmic space, the ob proteins are efficiently secreted to the cell free environment free of 
other mammalian proteins upon subjecting the host cells to cold osmotic shock, at which time me ob proteins can be 
purified to homogeneity in a bfofogjcafly active form. 

10 

3^£xDtessino the Human or Murine ob Proteins in Transformed E. coli cefls . 

Next the expression vectors constructed in accordance with the above described procedures are inserted into a 
host E. colt cell to transform the E. coii celL Any strain of E. coli may be used, such as E. cofi K-12 strain 294 as 

is described in British Patent Publication No. 2055382 A (ATCC No. 31446). Other strains useful in accordance with mis 
invention include E. coii MC1081 [Casadaban and Cohen, J. Mol. Biol. 138, 179-207 (1980)]. E. coli B, E. cofi X 1 776 
(AJTC No. 31537), and E. coli W 31 10 (ATCC No. 27325) or other strains many of which are deposited and available 
from recognized miaoorganism depository institutions. 

The transformed E. coli cefls are grown to an appropriate cell density and cultured by standard methods. In so 

20 growing and cutturing the translormed E. coli hosts, the expression vectors of this invention efficiently and effectively 
allow expression of the murine or human ob proteins and translocation of these same proteins into the periplasm of the 
host E. coli cells in a soluble and bfofogfoaDy active form. The sOmpA signal peptide (i.e., part 1 of the fusion protein) 
i6 cleaved during translocation of the fusion protein into the periplasm yielding the biologically active ob protein free of 
other mammalian proteins or polypeptides. Specifically, the method of producing biologically active recombinant human 

25 or murine obese protein free of other mammalian proteins comprises the steps of: 

a) constructing an expression vector having a promoter sequence, and a DNA sequence encoding a fusion protein, 
which fusion protein comprises SEQ ID NO: 3 or SEQ ID NO: 6, and the signal peptide for the outer membrane 
protein A of E. coli; 

30 b) inserting the expression vector into an E. coli host cell to transform the E. coli host cell; 

c) expressing the fusion protein in the E. cofi host cell; and 

d) treating the E. cofi host cefl with cold osmotic shock buffer to liberate the murine or human ob protein free of other 
mammalian proteins and free of the signal peptide. 

35 The recombinantly produced human or murine ob proteins in a soluble biologically active state in the periplasm of 
transformed E. coli cells are thereafter purified to homogeneity. 

The recombinant human and murine ob proteins translocated to the cell periplasm in accordance with the proce- 
dures described herein can be effectively secreted outside the cell by subjecting the host cefls to cold osmotic shock by 
methods known in the art and described by Koshland, D. and Botstein. D., Cefl 20. 749-760 (1980). The use of cold 

40 osmotic shock liberates from the E. coli the ob proteins in their bfotogjcafly active state free of other mammalian proteins 
or polypeptides. 

The human or murine ob proteins located in the osmotic fluid following cold osmotic shock of transformed E. coli 
cells, in accordance with the above described procedure, are biologically active and can be purified to homogeneity 
using a combination of anion exchange column chromatography, hydrophobic interaction column chroma tography and 

45 gel filtration. Anion exchange and hydrophobic interaction chromatography can be carried out in any order, however, the 
use of either must precede gel filtration 

The anion exchange stage can be carried out by conventional means. The preferred column for anion exchange 
chromatography is a Q Sepharose Fast Row column. Suitable anion exchange chromatography media include various 
insoluble matrices comprising diethylaminoethyi (DEAE) or dietrr^^2^roxypropyl)aminoethyl (QAE) groups. The 

so matrices can be acrylamide. agarose, dextran, cellulose or other types commonly employed in protein purification. A 
particularly useful material for anion exchange chromatography is DEAE-SephaceJ (Pharmacia, Uppsala Sweden). 
When media containing DEAE groups are employed, extracts containing murine or human ob proteins are applied at a 
weaWy bask; pH, e.g.. pH 8.1 . The bound murine or human ob proteins can be eluted in more highly purified form by 
application of a salt gradient in a suitable buffer such as Tris-MO. Generally, the characteristics of the gradient can be 

55 determined by preliminary elution experiments involving a small quantity of recombinant protein. 

The material containing the human or murine ob protein obtained through the use of anion exchange chromatog- 
raphy, when anion exchange chromatography is used as the first stage of purification, is next subjected to hydrophobic 
interaction chromatography. Hydrophobic interaction chromatography is a separation technique in which substances 
are separated on the basis of differing strengths of hydrophobic interaction with an uncharged bed material containing 
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hydrophobic groups. Typically, the hydrophobic interaction column is first equaferated under conditions favorable to 
hydrophobic binding, e.g., high tonic strength. A descending sal! gradient may be used to eiute the sample. 

Any hydrophobic interaction column can be used. The preferred hydrophobic column is phenyl Sepharose, how- 
ever, butyl Sepharose can also be utilized, in acoordance with the invention, the msierisi ccr£irKng the reccnMum 
murine or human ob protein which has been etuted from the anionic column is toaded onto a column containing a rela- 
tively strong hydrophobic gel such a phenyl sepharose. To promote hydrophobic interaction with the hyoYophobic gel, a 
solvent is used which contains, for example, greater than or equal to 0.4 M arnmonium sulfate, with 0.4 M being pre- 
ferred. Thus the column and the sample are adjusted to 0.4 M arrmwrtium sulfate in 50 mM Tris butler and the sample 
applied to the column. The column is washed with 0.4 M ammonium sulfate buffer. The ob protein Es then eiuted with 
solvents which attenuate hyoVophobic interactions such as, for example, decreasing salt gradients, ethylene or propyl- 
ene glycol, or urea. A preferred errtxxfiment involves washing the column sequentially with the Tris buffer and the Tris 
buffer curtaining 20% ethylene glycol. The ob protein is subsequently eiuted from the column with a gradient of 
decreasing ammonium sulfate concentration and increasing ethylene glycol rancerrtrafion in the Tris buffer. The cotlec- 
tive and sequential use of anion exchange tftrorratography and hydrophobic interaction column chromatography, in any 
order, yields human or murine ob protein routinely at an estimated purity of 90%. 

The gel titration chrorrtatoc/aphy step follows the anion exchange chromaioc^Bphy and hydrophobic interaction 
column chromatography steps outfined above, and can be performed by any conventional gel filtration procedure. The 
ob protein eiuted from the hydrophobic interaction column, or the anion exchange column, whichever column is used 
last can be concentrated and analyzed to a small volume by using a rnernbrane with a cut-off molecular weight of 
10.000 (AM ICON- YM 10 membrane). The concentrated material can then be loaded onto a column containing gel filtra- 
tion media such as GlOO-Sephadex (Pharmacia, Uppsala, Sweden). The ob protein can then be separated from other 
contaminants on the basis of its molecular weight by standard techniques using SDS-PAGE 

The collective and sequential use of anion exchange crvomatography. hydrophobic Neraction column chromatog- 
raphy and gel titration routinely yields human or murine ob protein at 95% purity. 

N-terminal amino acid sequencing of the purified murine or human ob protein can be performed by methods known 
in the art e.g., by etetfrotransfer according to the methods of Laemti, UX. Nature 227. 680-685 (1970) or by the pro- 
cedures described by Matsudaira, P., J. Biol. Chem 262, 10035-10038 (1987). Internal sequencing can also be done 
by methods known in the art For example, peptide fragments may be generated by digesting the M band (on nitrocel- 
lulose) with endoproteinase Lysine C and then separated by an HPLC system. 

The biological activity of the purified human and murine ob proteins of this invention are such that frequent admin- 
istration of the ob protein by injection to human patients or mice results in decreased food intake and decreased rate of 
weight gain compared to non-injected or control groups of subjects. 

The biological activity of the human and murine ob proteins, or fragments thereof, obtained and purified in accord- 
ance with this invention can be tested by routine methods, eg. , by repeated or single intracerebroventricular (ICV) injec- 
tion in oo/ob mice according to the procedures of Haley, T.J. et al., supra, as descrfoed in detail in Examples 13 and 16. 
Based on this ICV test the ED50 for reducing food intake and the ED50 tor reducing body weight gain can be deter- 
mined. In addition, the biological activity of the purified human and murine ob proteins or fragments thereof can be 
determined by repeated IP injection in ob/ob mice as detailed in Example 1 5. Based on the IP test, the ED20 for reduc- 
ing food intake and the ED20 for reducing body weight gain can be determined. 

The biological activity of the human and murine ob proteins, or fragments thereof, obtained and purified in accord- 
ance with this invention can also be determined in humans by methods known in the art e.g., measuring the reduction 
of test meal intake following IV administration of the ob protein to the obese human test subjects compared to IV admin- 
istration of saline control, in accordance with the methods of Muuraharnen, N.E. et a!.. Am J. Physiol 260, 672-680 
(1991), and as described in detail in Examples 14 and 17. Alternatively, the ability of the purified murine and human ob 
proteins of this invention to reduce the rate of weight gain (e.g., induce weight toss) can be determined by repeated IV 
administration to obese human test subjects according to the methods of Drent M L etal., Int J. Obesity 19. 221-226 
(1995), as described in detad in Example 16. 

The murine and human ob proteins of this invention when purified in accordance with this invention have biological 
activity in that: 

1) When they are administered by irrtracerebroventricuiar (ICV) injection to 16-18 hour fasted mature obese ob/ob 
mice having a body weight of at least 30 grams at a dose of 20 ^ig or less using the methods of Haley and McCor- 
micK supra, the protein or polypeptide: 

(a) reduces food intake during a 5 hour feeding test by 50% compared to vehicle injected control mice (ED50 
for reducing food intake); and 

(b) reduces body weight gain during the 24 hours following the ICV injection by at least 50% compared to vehi- 
cle injected control mice (ED50 for reducing body weight gain); 
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and 

2) When they are administered intraperitoneal (IP) to non-lasted mature ob/ob mice having a body weigh! of at 
least 30 grams twice a day at the beginning of daylight and «£Hin at the 3 hour point cf ths dark phase, for one 
5 week, in a total daiy dose of 20 m> or less, the protein or polypeptide: 

(a) reduces 5 and 24 hour food intake by at least 20% compared to vehicle injected control mice (ED20 for 
reducing food intake); and 

io (b) reduces body weight gain during the 24 hours following the first IP injection by at feast 20% compared to 

vehicle injected control nice (ED20 tor reducing body weight gain). 

In addition this reduction in body weight and food intake even take place at doses below 20 ug or less, even at a 
dosage level administered ICV of 1 ug or less especially when ttiese proteins are purified to homogenrty. 

is The biological assays descrfced above and detailed in the exajriples tor o^terrrirang the biological activity of human 
and/or murine ob proteins can be used to determine the bfotogical activity of fragments of these proteins, whether these 
fragments are produced by proteolytic degradation of the ob proteins, by chernicaJ synthesis by recombinant protein 
expression of a portion DNA sequence for the ob proteins or by any other means known to the skffled artisan. 

In accordance with a further embodSment of this invention, the murine and human ob protein of this invention can 

so be conjugated with polyethylene or rjcrfypfopyiene glycol homopolymerB which can be unsubstrtuted or substituted by 
etherif cation of the one of the hydroxy groups at one of its ends with a lower alky! group. These conjugates provide the 
ob protein in stable form and improve the half life of these proteins. In addition, the use of these conjugates formed from 
rxfyethytenegrycol or polypropylene glycol tawTiopolyrners provide means for increasing the half life of the activity of the 
ob protein in the body. Furthermore, these conjugates have been found to provide additional advantages such as 

25 increasing the stability and circulation time of the therapeutic ob protein in the body whSe also decreasing the irnmuno- 
genicity of the ob protein. These pegyiated ob proteins can also be readily adsorbed in the human body and provide 
increased uptake in the blood system. 

The preferred polyethylene or polypropylene glycol horrtopolymers which are conjugated to the ob protein have 
molecular weights of approximately 1 5 to 60 kDa. to produce a protein which can be mono- or poly-pegyiated with pof- 

30 yethylene or polypropylene glycol molecules. In the preferred case, the ob protein is either mono- or cfi- pegyiated to 
form a conjugate with polyethylene or polypropylene glycol units, which units in the conjugate have a total molecular 
weight of from 15 to 60 kDa, most preferably from 35 to 45 kDa. In general, the conjugates are produced as mixture 
(composition) of polyethylene and polypropylene glycol conjugates since polyethylene and polypropylene glycol starting 
materials are sold as a mixture of different homoporymers having different molecular weights. The molecular weight set 

35 forth above is average molecular weight of the mixture of ob conjugates thus produced. These mixtures can be sepa- 
rated into the individual conjugates, if desired, by conventional means such as by column chromatography which 
includes HPLC. However, for treatment, generally this conjugate is utilized as a mixture 

The polyethyleneglycol or polypropylene glycol polymers [PEG] can be attached to the ob protein via the free N- 
terminal amino acid of the protein to form the conjugate by any conventional means. Methods for attachment of the pol- 

40 yethylene or polypropylene glycol to form the conjugates with the ob protein can be by any of the many known methods 
available. The polyethylene or polypropylene glycol may be covalentiy bonded through the N-terminaJ amino acid of the 
protein, as well as also through the various lysine residues on the ob protein. 

Additional ly, the polyethylene or polypropylene glycol homoporymers may be conjugated to the ob protein by bi- or 
poly functional linking groups. In producing mono-pdyethylene or poryproptylene gyteol homopolymer conjugates, cfi- 

45 functional linkers are used and the homopolymer is conjugated to one functional group of this linker whereas the N-ter- 
minal amino add as well as the lysine group of the ob protein can be conjugated to the other functional group of this 
linker. Tri- or poly- [polyethylene or polypropylene glycol] polymers, conjugates with the ob protein are formed by using 
a tri -functional or poly-functional linker. The homopolymer can be conjugated to two or more of these functional groups 
with one remaining functional group of the linker being attached to theob protein. Among these linkers are those poiy- 

50 functional linkers having amine and carboxy functional groups. Amine groups can conjugate with the functkmafized 
hydroxy group of the polyethylene or polypropylene glycol to form an amide iirtkaga Carboxy groups can conjugate with 
the amine groups on the ob protein to form an amide bond and with the functional ized hydroxy group on the glycol to 
form an ester. Among the many types of Broking groups which can be utilized to form the conjugate between the ob pro- 
tein and the PEG are those disclosed in U.S. Patents Nos. 4,902.502. 5.034,514, 4,609,546, 5,122.614 and 4,847,325. 

55 
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In accordance with an especially preferred embodiment of this invention are those conjugates of the formulas 
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where P is the murine or human ob protein descrbed herein; and n and n' are integere whose sum is from 300 to 1 200 
so that the average molecular weight of all PEG units is from 1 5 to 60 kDa and the total molecular weight of the corru- 
gate is from 30 kDa to 80 kDa; and R and R' are lower alkyl. 

The compounds of formula l-A and I B can be prepared from the known polymeric materials 
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by condensing them with the murine or human ob protein of this invention. Any conventional method of reading an acfi- 
vated ester with an amine to form an amide can be utilized. In fire reaction illustrated above, the exernpSfted succmirrt- 
kJyl ester is a leaving group causing the amide formation. Where the compound of formula 11-6 is utilized to produce fre 
compound of formula l-B, tie reaction with the murine or human ob protein of this invention is carried out in the same 
manner descried in connection with the conversion of the conpo u id of formuta H-A to the compound of formula l-A. 
These succtromidyl esters such as the compound of formula I l-A to produce conjugates with proteins are cSsclosed in 
Morrfarc5ni et al. Koconjugate Chem.. 6. 62-69 (1995). 

In the case of the compound of formula l-A, the sum of n and n* are from 300 to 1500 so as to produce a conjugate 
having a total average molecular weight of PEG units of from 15 to 60 kDa and preferably from 35 to 45 kDa. In the pre- 
ferred embodiment of formula l-A the sum of n and n* is from about 800 to 1200 wfth the average sum of n and n* bemg 
from 850 to 1000. Generally, the preferred ratio of n to n* in the c>orrpoiinds of formuta l-A and If- A Is from 0.5 to 1.5 wr&i 
from 0.8 to 1.2 being preferred. In the case of the compound of formula l-B, n is preferably between 300 to 1500 to pro- 
duce a compound having from 300 to 1 500 PEG units with a total molecular weight of from 1 5 to 60 kDa and preferably 
from 35 to 45 kDa. In the preferred embodiment n is from about 850 to 1 000. 

The human or murine ob proteins prepared in accordance with this invention may be prepared in pharmaceutical 
compositions suitable for injection with a compatible pharmaceutical^ acceptable earner or vehicle by methods known 
in the art Any conventional carrier material can be utilized The carrier material can be an organic or inorganic one suit- 
able for enteral, percutaneous or parenteral administration. Suitable carriers include water, gelatin, gum arabic. lactose, 
starch, magnesium stearate, talc, vegetable ofls, polyaJkylene-grycols. petroleum jefly and the (ike. Furthermore, the 
pharmaceutical preparations may contain other pharmaceutical^ active agents. Additional additives such as flavouring 
agents, preservatives, stabilizers, emulsifying agents, buffers and the like may be added in accordance with accepted 
practices of pharmaceutical compounding. Among the preferred carriers for formulating the homogeneous ob proteins 
of the invention are human serum albumin, human plasma proteins, etc. 

Administration of recombinant homogeneous ob protein, be it human or murine or a combination thereof, results in 
decreased food intake and weight toss In obese humans and animals. Therefore, administration of the ob protein 
replenishes this protein which is important in the regulation of body weight The pharmaceutical compositions contain- 
ing the human or murine ob proteins may be formulated at a strength effective for administration by various means to a 
human or animal patient experiencing abnormal fluctuations in body weight either alone or as part of an adverse med- 
ical condition or disease, such as type II diabetes mellrtus. A variety of administrative techniques by injection may be 
utilized, among them subcutaneous, intravenous and intraperitoneal injections. Average quantities of the ob protein 
may vary and in particular should be based upon the recornmeixiations and prescription of a qualified physician or vet- 
erinarian. 

The human or murine ob proteins prepared in accordance with this invention may also be used in screening meth- 
ods for identifying ob protein receptors). 

The Examples provided below are not intended to limit the invention In any way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Roure 1 is a schematic of the two clones for human ob protein; i.a, hob d1 and hob d2, wNch schematics depict 
the location and types of restriction sites located at the 5* and 3' ends of the human ob cDNA sequence. 
Rgure2 is a schematic of the construction of the pLPPsOmpA mob expression vector. 
Fi gure 3 is a schematic of the construction of the pLPPsOmpA hob1 expression vector. 
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Example 1 

Obtaining the Human ob cONA. 

The human ob cDNA was obtained by screening a corrtmerciafly available lambda phage cONA Gbrary (Xlontecrr) 
made from RNA derived from human adipocyte tissue From this Bbrary, two lambda phages each containing approod- 
materya2.5 kitobase fragment corresporxfing to the human ob cDNA sequence were obtained through hybridization of 
lambda phage Ifcrartes, By this technique, two clones were identified. La, hob1 cONA and hob2 cONA. The human ob 
gene was subcloned into the plasmid vector DNA pBiuescriptSle commercially available from Stratagene. The resulting 
vectors containing these human ob gene sequences were caBed prescripts* hob1 and pBJuescr#SfChob2. 

The human ob gene sequence in this pKuescriptS>Chob1 and pBIuescriptSIChob2 were verified by nucleotide 
sequencing. The amino acid sequences of the protein deduced from the nucleotide sequencing corresponded to the 
human ob protein encoded by SEQ ID. NO. 4 and as published by Zhang, Y. etal., supra. The pBuscnptSJOhobl had 
a T-C mutation after the stop codon of the hob1 cONA. This mutation resulted in the loss of the Stul restriction site oth- 
erwise predicted to be present in the nucleotide sequence of hob 1 as follows: 

h ob 1 

. . .GGG.TGC. TQA GGCCT TGA. . . 
Gly Cys stop 

. . . GGG . TGC . TGA GGCCC TGA. . . 
Gly Cys stop 

DBluescrin^^^b^ 
. . . GGG . TGC . TQA GGCCT TGA 
Gly Cys stop 



Since this mutation in pBtuescriptSk'hobl is located after the stop codon of the human ob cDNA sequence it does 
not lead to a change in the amino acid sequence of the human ob protein as published by Zhang, Y et at., supra. 

As far as the nucleotide sequence of the cDNA present in pBhiescrip$SK~hob2 is concerned, it was demonstrated 
by restriction enzyme analysis that this plasmkJ has the Stul restriction site located after the stop codon of the human 
ob cDNA sequence. 

In addition to the fact that pBluescriptSk"hob1 has a mutation in the Stul restriction she following the stop codon. 
the pBluescriptSk'hobl also has an EcoRI restriction site after the ORF in hob1 cDNA which is absent in the hob2 
cDNA (See Figure 1.). 

Example 2 

Plasmid Construction for Mu rine ob Protein (mob) 

Murine ob cDNA of SEQ ID MO. 1 was obtained by the procedure of Zhang, Y. et al., supra, and thereafter inserted 
into the pCDNA3 vector rornrnerciaJfy available from invttrogen (San Diego, California, USA). The murine ob gene thus 
obtained was used to construct the expression vector pLPPsOmpA-mob for expression of the murine ob protein (mob). 
This expression vector and its construction is detailed in Rgure 2. 

The first stage of construction was to achieve the fusion of the signal-coding sequence from sOmpA gene to the 
mature coding region of the murine ob gene. i.e. without its natural signal-sequence. The DNA fragment of 501 bp 
encoring the mature murine ob protein inserted in the pCDNA3 vector was amplified from the vector by the polymerase 
chain reaction (PCR) using Vent DNA polymerase (New England Biolabs), a forward primer (primer 1) starting with the 
first nucleotide of the codon encoding valine (which is the first amino acid in the mature mob) (Zhang, Y. et al. . supra), 
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and a reverse primer (primer 2) correspond ng to the region of the mob containing the stop codon of mob. Primer 2 also 
contained a sequence corresponding to a Hind 111 restriction sita 

Primerl: 5* GTG CCT ATC CAG AAA GTC 3* Val Pro Be Glu Lys Val 
Primer 2: 5' TCCCAAGCTT TCAGCATTCAQQQCTAAC 3" rtndlll stop 

The ampCfied 501 bp DNA fragment was purified by agarose gel electrophoresis and phosphorytated using T4 
polynucleotide kinase ("BoehringeO and next digested with the restriction enzyme Hind II I to create a 5* protruding end 
at the position of the primer 2. The obtained fragment had a blunt end oorresponolng to the first nucleotide of the cDNA 
encocing mature mob, and a 5* protrufing end corresponding to a deaved Kindlll sita 

Next the sOmpA plasmid pT1 OsOmpArPDI obtained by the methods of De Sutter, K. etai, supra, was teed to the 
mob gene to create a pTIOsOmpAmob plasmid. To carry this out the mob fragment was cloned by ligation using T4 
ligase ("New England-Blabs') into the pT1 OsOmpArPDI vector DNA which was previously digested with the restriction 
enzymes Nael and Hindi II by methods known in the art [Sambrook, J. et al., in "Molecular CJcrting: A Laboratory Man- 
uaT Second EcStion, CoW Spring Harbor Laboratory Press, Cold Spring Harbor, New Mark, 1989]. This 
pT1 OsOmpArPDI plasmid was derived from plasmid p714 [Parker and Wfley, Gene 83, 117-134 (1989) J. This plasmid 
contained the cDNA encocfing mature rat protein disulfide tsomerase (rPDI) cONA fused to the sOmpA sequenca 

This fusion of the last codon in sOmpA (alanine) to the first codon in the cONA of mature rPDI (glycine) created a 
Nael restriction site which after cleavage with Nael released the last codon in the sOmpA sequence and the first codon 
in the cDNA encoding rPDI sequence as blunt ends. 

Nael 

5' GCC / GGC 3' 

Ala Gly 
sOmpA cDNA / mature rPDI cDNA 

A Hindlll site exists at the end of the cDNA encoding rPDI. Therefore, further digestion of this plasmid with Hindll! 
released the major part of the rPDI cDNA and created a 5' protruding end compatible with one of the ends of the PGR 
fragment. The resulting plasmid where the cDNA encoding the rPDI was replaced by the cDNA encoding mature mouse 
ob was called pTIOsOmpAmob and is depicted in Figure 2. 

The li gated DNA was Introduced in E. coli strain MC1061 using standard electroporation and the obtained colonies 
were screened for the presence of the murine ob DNA fragment by restriction enzyme analysis. Ctorte pTIOsOmpAmob 
had the sequence encoding the mature murine ob protein fused to the sequence encocfing sOmpA. 

Next the expression of mob in E. cofi in this pTIOsOmpAmob was placed under the control of both the lipoprotein 
promoter (P tpp ) and the lac promoter-operator (PO^J. To do this, the hybrid gene sOmpA-mob sequence was trans- 
ferred from the plasmid pTIOsOmpAmob to the plasmid vector pLPPsOmpArPDI by standard procedures described in 
De Sutter et al.. supra. The pLPPsOmpArPDI plasmid was derived, as already mentioned hereinbefore, from plasmid 
p714 [Parker and Wiley. Gene 83. 117-134 (1989)). For this step, the plasmid pTIOsOmpAmob DNA was cleaved with 
the restriction enzymes Xbal and Hindlll. The fragment containing the sOmpA-mob encocfing DNA was then Sgated into 
the plasmid pLPPsOmpArPDI from which the sOmpA-rPDI encocfing DNA was previously removed by cleavage with 
the restriction enzymes Xbal and Hindlll. The resulting plasmid was called pLPPsOmpAmob. 

Example 3 

Expression of murine ob protein in E. coli (MCI 061) 

Expression of the murine ob protein in E. cofi was achieved as follows. The pLPPsOmpAmob plasmid constructed 
in accordance with Example 2 was inserted by electroporation into an E. coli strain MC1061 . The E. cofi cells (MC1061) 
harboring the plasmid pLPPsOmpAmob were grown up overnight at 28° C in Luria-Bertarea ("Difco Laboratories") 
medium supplemented with the antibiotic carbenicilSn (100 jjqAttJ. "Beecham"). This culture was then used as an inoc- 
ulum (100-fold dilution) for a 30 ml overnight culture at 28° C In the same medium. This culture was then diluted 100- 
fold in 3 Bter (e.g.. 6 x 0.5 1 in 1 liter erlenmeyer flasks) in the above medium and snaked at 28° C in a New Brunswick 
air shaker (300 rpm) for about 4 hours until a density of A^ 0.3 to 0.5 was reached. At this time, the lac promoter was 
induced by addition of 2 mM final concentration of isopropyf-p-D-thiogalactopyranoside (IPTG. "BoehringeO as 
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described in De Sutter et al., supra. The cells were further incubated at 28° C tor about 5 hours unta the ceil density 
reached A^ of 1.3 to 1.5. Next the cells were collected by centrifugation in a JA10 rotor (Beckman centrifuge models 
J2-21orJ2-21M)for6min.at6750 rpm (8000 x g) at 4° C. The supernatant was removed and the cefl pellet was ^sus- 
pended rapidly in 250 ml icecoU osmotic shock buffer (100 mM Tris-HCI. pH 7.4 containing 20% sucrose 10mM £DTA) 
and incubstsd or. ice for 10 io 20 min as descnoed by KosHand and Botstein, supra 

Thereafter, the suspension was transferred to plastic centrifuge tubes and the ce«s collected by centrifugaiion at 
8200 rpm (8000 x g) tor 5 min. at 4° C in a JA20 rotor. The supernatant was removed, and me cell pellet rapidly resus- 
pendedin 120 rrd icecdd water under vigorous shaking and incubated on ice lor an additional 10 rrtn. The suspension 
was then centrifuged in the JA20 rotor tor 6 min. at 4° C at 1 1 .500 rpm (1 6,000 x g) and the supernatant corresponding 
to the periplasms fraction (osmotic shock fluid) was collected (approx. 120 ml). Sodium azkte and Tris-HCI (pH 7.5) was 
add ed to a final concentration of 0.05% and 50 mM respectlvery ^ 
tein was stored at -20° C until further use. 

Example 4 

Expression of murine ob protein in E. coli (MC1 nfii) 

Expression of murine ob protein was achieved in accordance with the procedure described in Example 3. except 
triacifline (I00ug/ml) was the antibiotic used to supplement the Luria-Bertaria medium (rather than carberaaflin). 

Example 5 

Purification of murine ob protein from the E. coli osmntir fluid 

The murine ob protein located in the 120 ml frozen osmotic shock fluid in accordance with Example 4 was purified 
as follows. The 1 20 ml osmotic shock fluid containing the murine ob protein was thawed and centrifuged at 4° C for 20 
min at 16.000 rpm in a JA20 rotor to remove insoluble debris. The supernatant was then loaded directly onto a column 
containing a 30 ml bedvolume Q-Sepharose Fast Row ("Pharmacia") preequilibrated with 50 mM Tris-HCI (pH 7.5) 
buffer. After washing with the 50 mM Tris-HCI (pH 7.5) buffer, the mob protein was eluted with 50 mM Tris-HCI (pH 7.5) 
buffer containing 0.1 M NaCI. 

Next solid (NH 4 ) 2 S0 4 was added to the material eluted from the Q-Sepharose Fast Flow containing column to a 
final concentration of 1 .0 M and the mixture was loaded onto a column containing 7.5 ml bedvolume Butyl-Sepharose 
Fast Ftow ('Pharmacia-) preequilibrated with 50 mM Tris-HCI (pH 7.5) buffer containing 1 .0 M (NH^SO*. After washing 
with Tris-HCI (pH 7.5) buffer containing 1 .0 M (NH^SO* the mob protein was eluted by applying a gradient from 1 .0 M 
(NH^SCU in 50 mM Tris-HCI (pH 7.5) buffer to 20% ethylene glycol in water. The mob protein eluted from the Butyl- 
Sepharose Fast Flow column at the very end of the gradient, while most contaminants eluted much earlier. The purity 
of the mob protein at this stage was 90% as estimated by silver-stained polyacrylamide gel electrophoresis (PAGE). 

The mob protein in the material eluted from the Butyl-Sepharose Fast Row contakwig column was then further 
purified by gel filtration chromatography. To do this, mouse ob protein was concentrated at 4° C to a volume of 1 ml on 
a YM10 ("Arnicon") membrane using a 8MC concentrating unit ("Arrtcon"), and was applied to a column (1.0 cm x 50 
cm) containing 39 ml GlOO-Sephadex ("Pharmacia") preequilibrated in phosphate buffered saGne. The fractions con- 
taining the mob protein were then pooled and the protein concentrated on a YM10 membrane. At this stage, the mob 
protein was more than 95% pure as estimated by PAGE and silver staining. SDS-PAGE revealed a single protein band 
at Mr 15,000. 

Example 6 

Sequence Analysis of murine ob protein 

N-terminal amino acid sequence of the murine ob protein obtained and purified by the procedures of Examples 2, 
3, 4 and 5 described above was performed according to the procedure of LaemJi, U.K.. supra. After electrotransfer of 
the electrophoresed proteins to a pdy{4-vinyl N-methylpyridinium iodide)-coated glass fiber sheet as described by 
Bauw. G. et al., J. Bid. Chem. 7. 194-198 (1988), the band of protein with Mr 15.000 was excised from the membrane 
and the N-termtnal amino acid sequence was determined by Edman degradation on a 470A gas-phase sequenator 
equipped with a 120 A on-line phenytthiohydantoin amino acid analyzer f Applied Biosystems"). The N-terminal amino 
acid sequence of the murine ob protein was obtained by the above described procedures was VaJ-Pro-lle-GJn corre- 
sponding to the mature murine ob protein of SEQ ID NO: 3. 
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Example 7 

Construction of Expression Vector for Hu man ob Protein (hob) 

The human ob gene obtained in accordance with the procedures of Example 1 was utilized to construct an expres- 
sion vector plPPsOmpAhobl for expression of the human ob protein. This cxmstruction was similar to the axtstruction 
of pLPPsOmpAmob deserved in Example 2 and is detaied in Figure 3. A three-fragment ligation was required to com- 
plete the DMA fragment containing the entire mature human ob coding sequence. 

In the first stage of the construct, a hob nucleotide sequence starting with the first nucleotide of the codon encoding 
the first amino acid of the mature human ob protein (valine) was fused to the signakxxfing sequence from OmpA 
(sOmpA), so that the sOmpA sequence is upstream of the 5* end of the hob nucleotide cooing sequence. This DMA 
fragment was obtained by amplication in a PCR mixture containing plasm*) pStuescnptSIChobl , Vent DNA polymer- 
ase, and two primers, The forward primer (primer 1) started with the first nucleotide of the codon encoding the fret 
amino acid of mature human ob protein, and the reverse primer (primer 2) contained the sequence of tie human cONA 
containing the stop codon. The arnpfrflcation reaction yielded a DNA fragment of 501 bp containing the sequence 
encoding the mature human ob protein. The 5* end of this DNA fragment was then phosphorytated with T4 polynucle- 
otide kinase and digested with the restriction enzyme Hind I II. yielding a 353 bp DNA fragment having a blunt end cor- 
responding to the first nucleotide of the cDNA encoding mature hob (position corresporxfing to the primer 1), and a 5* 
protruding end corresponding to a cleaved Hind HI site. This 353 bp DNA fragment was purified by agarose gel electro- 
phoresis and cloned in the pTIOsOmpArPDI plasmid which has been previously rfgested with the restriction enzymes 
Nae I and Hindi II. The resulting plasmid pT10sOmpAhob1 (partial) has the DNA fragment encoding a part of the mature 
human ob protein (amino-terminal part) fused to the sequence encoding sOmpA 



Primer 1: 5' GTGCCCATCCAAAAAGTC 3* 
Primer 2 : 5 ' TCCCAAGCTT TCAGCACCCAGGGCTGAG 3 ' 

Stop 



In a second step, the DNA sequence encoding the carboxy terminal part of the human ob protein. i,a, fragment 2, 
was ligated to the DNA fragment encoding the amino-terrnirtaJ part of mature hob, and the resulting fragment encoding 
the entire mature hob sequence fused to the sOmpA was transferred to plasmid pLPPsOmpArPDI to bring expression 
of mature human ob protein in E.cdi under the control of the lipoprotein promoter and the lacpromoter-operator. To do 
this, the plasmid pT10sOmpAhob1 (partial) was Digested with Xbal and Hindlll and the 400 bp DNA fragment 1 of hob 
was isolated by agarose gel electrophoresis (fragment 1). Next the plasmid pBtuescriptSKhobl was cleaved with Hin- 
dlll and EcoFU, and the 450 bp was isolated by agarose gel electrophoresis (fragment 2). Finally, the plasmid pLPP- 
sOmpArPDI was cleaved with Xbal and EcoRI, and the vector fragment isolated by agarose gel electrophoresis 
(fragment 3). The DNA fragments 1 , 2 and 3 were then ligated to each other and the ligation mixture introduced into E. 
coli strain MC1061. The colony containing the final plasmid construct pLPPsOmpAhobl was used for expression and 
secretion of mature human ob protein. 

Example 8 

Expression of human ob p rotein in E. coli (MC1 0611 

The pLPPSOmpAhobl constructed in accordance with Example 7 was used to transform E. coli strain MC1061 for 
expression of the human ob protein in soluble biologically active form in the periplasm of the host E. coli ceQs. Insertion 
of the plasmid into these host E. coli cells was performed by elecfroporatfon. The E. cofi cells (MC1061) harboring the 
plasmid pLPPsOmpAhobt were grown at 28° C in Luria-Bertania ("Difco Laboratories") medium supplemented with the 
antibiotic carbenciRin (100 ug/ml. "BeechanV) to the proper density, after which the lac promoter was induced by adap- 
tion of 2 mM final concentration of isopropyt-p-D-thwg^actc>pyranoside (IPTG. *BoehringeO as descrfced in De Sutter 
et al, supra. The cells were further grown until the cell density reached 1 .3 Aeoo- Next the cells were collected by cen- 
trifugatfon (8000xg at 4° C) and the cell pellet was resuspended rapidly in icecoW osmotic shock buffer (100 mM Trts- 
HCI, pH 7.4 containing 20% sucrose and 10mM EDTA) and incubated on ice for 10 min as described by Kb6hland and 
Botstein, supra. 

Thereafter, the cells were again collected by centrifugation as above and the cell pellet was resuspended in ice cold 
water and incubated on fee for 10 min. The suspension was then centrifuged for 5 min. at 16.000 x g and the supema- 
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tent (osmotic shock fluid) was collected. Sodium azide and Tris-HCI (pH 7.5) was added to a final concentration of 
0.05% and 50 mM, respectively. The osmotic shock fluid containing the human ob protein was stored at -20° C unta fur- 
ther usa 

Expression of human ob protein in E. 006 (Mc1061) 

Expression of tire human ob protein was achieved by using the procedure of Example 8. except triarilltne (100 
^gAnl) was used as the antibiotic to supplement the Luria-Bertaria merJum rather than carbeniciffin. 

Example 1Q 

Purification of human ob protein from th e E. cofi osmotic fluid 

To purify the human ob protein in the osmotic shock fluid of Example 9, NaCI was added to the fluid to a final con- 
centration of 0.1 M and the fluid was then loaded cfirectiy onto a column containing a 30 rrd bedvoiurne Q-Sepharose 
Fast Row (/Pharmacia-) preequifibrated with 50 mM Tris-HCI (pH 7.5) buffer. 

Next solid (NH^SO* was added to the flow-through material eluted from the Q-Sepharose Fast Flow containing 
«xumn to a final concentration of 1.0 M and the mixture was loaded onto a column containing 7.5 rrt bedvoiurne Butyl- 
Sepharose Fast Flow ("PharmaciaT preequiKbrated with 50 mM Tris-HCI (pH 7.5) buffer containing 1 .0 M (NH^SO* 
After washing with Tris-HCI (pH 7.5) buffer containing 1 .0 M (NHJzSO^ the hob protein was eluted by applying a gra- 
dient from 1 .0 M (NH4)2SC4 in 50 mM Tris-HQ (pH 7.5) buffer to 20% ethylene glycol in water. The hob protein eluted 
from the Butyl -Sepharo6e Fast Row column at the very end of me gradient while most oorttaminants etute much earlier. 
The purity of the hob protein at this stage was 90% as estimated by silver-stained poiyacrytamide gel electrophoresis 
(PAGE). 

The hob protein in the material eluted from the Butyl-Sepharose Fast Flow containing column was then further puri- 
fied by gel filtration chromatography. To do this, human ob protein was concentrated at 4° C to a volume of 1 rrt on a 
YM10 fAmicon) membrane using a 8MC concentrating unit fArnicon"), and was applied to a column (1 .0 cm x 50 cm) 
containing 39 ml GlOO-Sephadex (Tharmacian preequiltorated in phosphate buffered saBne. The fractions containing 
the hob protein were then pooled and the protein was concentrated on a YM1 0 membrane. At this stage, the hob protein 
was more than 95% pure as estimated by PAGE and silver staining. SDS PAGE analysis of the eluate revealed a single 
protein band at Mr 15,000. 

Example 11 

Purification of human ob protein from the E. coii osmotic fluid 

To purify the human protein in the osmotic shock fluid of Example 9 the procedure of Example 10 was used with 
the following exception: Prior to adcSng solid (NtMfeSC^ to the flow-through material, the following steps were carried 
out with regard to the osmatic shock fluid of Example 9. 

The human ob protein in the osmotic shock fluid of Example 9 was loaded directly onto a column containing a 30 
ml bedvolume Q-Sepharose Fast Row ("Pharmacia) prequiltorated with 50 mM Tris-HCI (ph 7.5) buffer. After washing 
with the 50 mM Tris-HQ (pH 7.5) buffer, the hob protein was eluted with 50 mM Tris-HCI (pH 7. 5) buffer containing 0.1 
MNaC1. 

Example 12 

Sequence Analysis of hu man ob protein 

N-terminal amino acid sequence of the human ob protein purified and obtained by the procedures of Examples 7- 
1 1 described above was performed according to the procedure of LaerrJi, U.K., supra After electrotransfer of the elec- 
trophoresed proteins to a poly(4-vinyl N-methypyridintum iodide) -coated glass ftoer sheet as described by Bauw et ai., 
supra, the band of protein with Mr 15,000 was excised from the membrane and the N-terminal amino acid sequence 
was then determined by Edman degradation on a 470A gas-phase sequenator equipped with a 120 A on-line phenytth- 
iohydantoin amino acid analyzer ("Applied Biosystems"). The N-terminal amino acid sequence of the hob protein 
obtained by the above described procedures was Val-Pro-lle-Gln corresponding to the mature human ob protein of 
SEQ ID NO: 6. 



16 



EP 0 741 187 A2 

Example 13 

m QQjcaj Activity of Murine ob protein; Irrtracer ebroverrtric u lar (\CV) injection in obfob mica. 

The biological activity of the mature murine ob protein purified in accordance with Example 5 was determined using 
the ICV method as fellows. Infusion cannulas were implanted into the lateral ventricle of the brains of anesthetized 
female obese ob/ob mice (age 6-13 weeks) using the following coordinates (2 mm lateral of midline; 0.6 mm wrfri 
respect to bregma; 2 mm down) based on the methods of Haley and Mc Corn**, supra. The end of me cannula was 
mounted on the skull using a jeweler screw and dental cement. Mice were indMduaSy housed in plastic cages with free 
access to food (except for the night prior to ICV injection) and water. Following recovery from surgery as assessed by 
da3y food intake and body weight gam, mice were studied on several occasions following the intracerebroverrtricular 
(ICV) injection of 1 ^ of one of the following test solutions: 

1) artificial CSF; 

2) bacteria] control solution; 

3) ob prolan (0.6 to 1 ng/mouse); or 

4) no infusion. 

The injection of one of the above test solutions ICV into each mice was fo&owed by 1 ul of artificial CSF to clear the 
cannula: For purposes of this experiment the bacterial control solution was an sample identically processed and pre- 
pared in accordance with the procedures outlined for Examples 2-4, except that the piasmkJ inserted in the E. cofi bac- 
teria was absent the murine ob gene. 

Mice were fasted for 18 hours (overnight) prior to ICV injection. Mice were lightly restrained and a 10 ul Hamilton 
syringe fitted with a piece of precalforated polyethylene (PE) tubing (PE20) was used to inject 1 ^ of the test solution 
into the cannula placed in the lateral ventricle. Mice were then immediately placed in a test cage with a food dish con- 
taining a pre-weighted amount of pelleted mouse chow and a water bottle. Mice were visually observed and food intake 
was measured for the next seven hours. Food intake measurements were obtained at 0.5. 1, 2, 3, 4, 6 and 7 hours post- 
ICV injection. Body weight tor each animal was measured prior to the ICV injection and 24 hours later. Successful can- 
nula placement was documented by an increase in 2 hour food intake following ICV injection of 10 ug Neuropeptide Y 
in 2 hour tested mice according to Morley. J.E. et ah, American J. Physiol. 253. 516-522 (1987). 

The results of the ICV test described above were as follows: 

A. Reduction of Food Intake 

During the first 30 minutes following ICV injection almost all mice ate with a short latency and consumed approxi- 
mately 0.5 grams. Mice which received no injection or artificial CSF continued to eat throughout the next 6.5 hours and 
reached a cumulative 7 hour intake of 3.2 grams (Table 1). In contrast the mice treated with ob protein ICV stopped 
eating after the first 30 min and did not eat again. Thus, their cumulative food intake remained suppressed over the next 
6.5 hours at approximately 0.5 grams (Table 1). Mice receiving the vehicle control solution ICV also stopped eating after 
30 min., and only began eating again between 6 and 7 hours. 

B. Reduction in Body Weioht Gain 

The 24 hour change in body weight of the mice injected with vehicle control was 6itghtly reduced from that of arti- 
ficial CSF injected or non-injected mice (Table 1). However, the percent change in body weight of the mice injected with 
ob protein was near zero and was significantly reduced compared to the vehicle control injected mice (Table 1). 

C. Conclusion 

The observed effect of direct administration of recombinant mouse ob protein (1.1 ^g/mouse in 1 jjJ to the brain) 
was a sustained and significant reduction in food intake and body weight gain of female ob/ob mice. This dernonstrates 
that ob protein can act directly on the brain and is consistent with the effect of the ob protein when injected intraperito- 
neal. This example also confirms the biological activity of bacteriaily expressed recombinant murine ob protein in 
female obese ob/ob mice in accordance with the invention. 
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TABLE 1 



Trssttmcrtis 


t MAI M IW 




uwi no 






(0-7 hi) 


Gain (0-24 hr) 




S 


%" 


0 


% 


ArtTtcalCSF 


3.210.2 


100 


3.810.3 


100 


Vehicle Control 


0.910.3 


28.1 


2.910.2 


76 


ob Protein (lyg/nrwuse) 


o.5±o.r 


15.6 


0.310.5* 


8 



" indicates significant oUfererroes between ob protein and artificial 
Cerebro Spinal Fluid (CSF) groups with p<0.05. 
'* ind bales percent of control 



Example 14 

Biofootcal Actrvttv of Murine ob protein Intravenous ( W) in ob/ob Mice 

The biological activity of the murine ob protein obtained and purified in accordance with Examples 2, 3, 4 and 5 was 
tested by intravenous (IV) injection in obese ob/ob mice as follow. 

Male and female obese ob/ob mice (6-13 weeks oW) were implanted with chronic jugular cannulas under pentobar- 
bital anesthesia (80 mg/kg body weight) according to the method of Mokhtarian A., eta!., Physiol. Behav. 54, 895-898 
(1993). Mice were individually housed in plastic cages under constant environment conditions with a 12 hr dark/12 hr 
light cycle. Body weights were measured in fusion daily and the patency of cannulas was verified and maintained every 
other day by infusion of * 0.1 ml sterile heparirvsaline solution (50 U/mJ in 0.9% saline). After complete recovery from 
surgery, assessed by body weight gain, the mice were tested 16-18 hours (cvemight). The next morning, mice were 
weighed and placed in test cages for 45 minutes for acclimatization before the experiment Water was available conti- 
nousfy. Mouse ob protein (3ug in 0.1 ml) or an equal volume of vehicle control or saline (0.9%) solution was injected 
intravenously. Awake mice were Bghtly restrained and 0.5 ml insulin syringes were used to inject 0.1 ml of the test solu- 
tion followed by 0.05 ml heparin/saiine. Trials were separated by at least 3 days. Mice were then immediately replaced 
in the test cage with a pre- weighted petri dish containing a pellet of mouse chow. Mice were visually observed and food 
intake was measured for the next seven hours at 0.5. 1 , 2, 3. 4, 6 and 7 hrs post-IV injection. Body weight was measured 
before the IV injection and again 24 hrs later. Two separate groups of carmulated mice (1 1 ob/ob and 12 lean) were 
used in five irxfivkiual trials. Most mice received mouse ob protein and one or both control injections in counterbalanced 
order. Two separate preparations of mouse ob protein were used in this experiment The data reported here are a com- 
bination of the results of these individual replications. 

A, Res ul ts 

The results of the above experiment are as follows: 

During the first 30 minutes following IV injection most obese and lean mice ate with a short latency and consumed 
approximately 0.3-O.5 grams. Food intake in saline and vehicle control injected obese mice increased throughout the 
experiment. The cumulative food intake of obese ob/ob mice injected with vehicle control was not Different from the food 
intake of similarly fasted obese mice that were injected with saline. In contrast, the food intake of the obese ob/bb nice 
injected with recombinant ob protein was significantly reduced and remained suppressed at 57% of control (Table 2). 
No other behavioral effects were observed in the vehicle control and ob protein groups throughout the 7 hr observation 
period. As expected, the 24 hr post-injection body weight gain was not different in the treatment groups (Table 2) due 
to the limited duration of action of a single IV bolus of mouse ob protein. 

B. Conclusions 

These results demonstrate that recombinant mouse ob protein significantly reduced cumulative 7 hr food intake fol- 
lowing IV administration (3 ug/rnouse) in obese ob/ob mcie. The ability of recombinant mouse ob protein to reduce food 
intake in obese ob/ob mice is consistent with me food intake results obtained following repeated IP injection of the ob 
protein in obese ob/ob mice. This example also confirms the biological activity of bacterialty expressed recornbinant 
mouse ob protein in female obese ob/ob mica 
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TABLE 2 



T.LU *t. t\ r a _i :_r_j ±± 

lout) C. IV nuilllU5UaUUIIU 




juAju nnjCe 




Treatments 


Food Intake (0-7 hr) 


Body Weight 

Gain (0-24 hr) 




g 


%" 


g 


% 


Saline (n = 4) 


1.8 ±0.2 




2.9 ±0.3 




Vehicle Control (n = 7) 


1.4 ±0.3 


100 


2.2 ±0.6 


100 


ob Protein (1 up/mouse) (n = 8) 


0.8 ±0.2* 


57 


1.4 ±0.6 


64 


Date are mean ± sera n « indicates tie number of individual mice, sem 
means "standard error of the mean", 



* indicates significant deferences between ob protein and artliciaJ CSF 

groups with p<0.05. 

** indicates percent of control 



Example 15 

Biological Actrvitv of the Murine ob Protein: Repealed IP Injection in ob/ob mice. 

The biological activity of the murine ob protein obtained and purified in accordance with Examples 2-5 was tested 
by repeated intraperitoneal (IP) injection in obese ob/ob mice as follows. 

Three groups of six female obese ob/ob mice were studied. Mice were housed in plastic cages (three per cage) 
under constant environmental condrtions with a 1 2 hour dark/1 2 hour light cycle Twenty-four (24) hour food intake and 
body weight were measured every day. Following an adaptation period to environmental condrtions and dairy handling 
and injections, the mice were sorted into three treatment groups. Each mouse received two intraperitoneal (IP) injec- 
tions each treatment day (shortly before the beginning of the dark phase of the dark/light cycle and three hours into the 
dark phase) of the 0. 1 ml of the following test solutions: 

1) saline (0.9%); 

2) bacterial control solution; or 

3) murine ob protein (3 ugAM ml). 

The bacterial control solution was a sample identically processed and prepared in accordance with the procedures out- 
lined tor Examples 2-4 to obtain and purify murine ob protein, except that the piasmid inserted in the E. coii bacteria 
was absent the murine ob gene. Mice were treated twice daily for five days and then received no treatment for two days. 
Food intake of each cage was measured at 2. 3, 5 and 24 hours following the first IP injection on each treatment day. 

A. Results, 

Reduction of Food Intake 

Food intake was not different in the saline and bacterial control injected mice on treatment and non-treatment days 
throughout the one week experiment (Table 3). However, food intake was reduced in the six mice injected with 6 ug ob 
protein on treatment days throughout the experiment The reduction in food intake was observed at 2, 3. 5 and 24 hours 
after the first injection on treatment days in the mice receiving ob protein group compared to the bacterial control and 
saline control groups. 

Reduction of Body Weight Gain 

The cumulative body weight gain over the five treatment days of the ob protein group was -3.3 +/- 0. 7 grams com- 
pared to -0.9 +/- 0.2 grams Hi the saline and -0.7 W- 0.4 grams in the bacterial control groups (Table 3). 
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Conclusion 

This example demonstrates that two dairy IP injections of bacterial! y expressed reconnbinant murine ob protein (6 
pgmieuseAitty} i w>uut*j in a signnicani sustained reduction gf food iniake and a signnicani decrease in the raie of 
weight gain of treated female ob/ob mice compared to saline and bacterial control treated ob/ob mice. These results 
demonstrate the bacterial expressed murine ob protein is bidogica9y active and has the expected anti-obesity effects 
on genetically obese ob/ob mice in accordance with this invention. In Table 3 the 2 and 5 hour results are the mean 
daily food intake white the 24 hour results shown are the 5 day cumulative food intake. 



TABLE 3 



Table 3: Repeated IP Adrrvustration of Murine ob Protein in ob/ob Mice 


Treatment 


Food Intake (grams/3 mice) 


Body Weight 
Gain 




2hr 


5hr 


24 hr 


grams 




g 


% of control 


g 


% of control 


g 


% of control 




No Injection 


5.5 ± 0,5 




14.5 ±0.5 




44.3 ±3.5 




-0.9 ±0.2 


Control 


7.0 ± 0.5 


100 


16.5 ± 1.5 


100 


49.5 ±6.1 


100 


•0.7 ± 0.4 


ob Protein 


3.5 ±0.5' 


50 


5.5 ±1.0* 


33 


25.5 ±4.6* 


52 


-3.3 ±0.7* 


Data are mean ± earn for six ob/ob mice in each group. Food intake is mean cumulative intake for cages of three mice 
during the five days of treatment at 2. 5 and 24 hr after the first IP injection. Body weight gain is the cumulative 
change in body weight during the five days of treatment 



* ixScates styitficant differences between ob protein and vehicle groups win p<0.05> 



Example 16 

Bidooical Activity of Human ob Protein: Intracerebro ve ntricular (ICV) Injection in ob/ob Mice 

The methods used to determine biological activity of Human ob protein by irttracerebroventricular ICV injection in 
ob/ob Mice were the same as Example 1 3 except that the test solutions were: 

• Recombinant human ob protein produced in Example 1 1 (0-.05u.g) in phosphate buffered saline (PBS) containing 
0.1% mouse serum albumin; and 

• PBS containing 0. 1 % (w/v) mouse serum albumin (albumin control) as the vehicle control solution. 

A. RfttfHCttWI Qt RXKt InfcKe 

During the first 30 minutes following ICV injection almost all mice ate with short latency and consumed approxi- 
mately 0.5 grams. Mice which received no injection continued to eat throughout the next 6.5 hours and reached a com- 
ulative 7 hour intake of 1 8 grams (Table 4). Mice receiving the albumin control solution ICV also stopped eating after 
30 minutes and only began eating again between 3 and 7 hours. In contrast, the mice treated with human ob protein 
ICV ate significantly less in the first 30 minutes (0.2 grams) and ate very small amounts during the next 6.5 hours. Thus, 
their cumulative food intake remained suppressed over the next 6.5 hours at approximately 0.4 grams (Table 4). 

B. Reduction in Body Weight Gain 

The 24 hour change in body weight of the mice injected with vehicle control was slightly reduced from that of arti- 
ficial CSF injected or non-injected mice (Table 4). However, the percent change in body weight of the mice injected with 
human ob protein was near zero (Table 4). 
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The observed effect of direct adrrinistralion of recombinant human ob protein (0.05 ug/mouse tn 1 pj) to the brain 

iv i83Cj tO a Sl^StauroCi oTid S^TaJiCaJu fcuuCtrOTi in iOvu ullttko and uOuy Wctyui ytiiii ui leiTulo QcAju niK*J utjmorBjiniies 

that ob protein can act directly on the brain and is consistent with me effect of ob protein when injected IP. This example 
also confirms the biological activity of bacteriaBy expressed recontmant human ob protein in femaJe obese ob/ob mice . 



TABLE 4 



Table 4: ICV Adnrenistratiori of Human ob Protein in OttfOb fSce 


Treatments 


Food Nate (0.7 hr) 


Body Weight 

Gain (0-24 hr) 




9 


%" 


9 


%" 


No Injection (n - 3) 


1.8 ±0.2 




3.1 ±0.4 




Albumin Control (n - 3) 


1.0 ±0.4 


100 


1.7 ±0.6 


100 


Human ob Protein (1 ug/mouse) (n ■ 5) 


0.4 ±0.2* 


40 


0±0.8 


0 


Data are mean ± sem. N - indicates the number of indvidual mica 



' irxficalfts signiicanl differences between human ob protein and arrtictaj CSF groups 
w*hp<0.05. 

** indicates percent of control 



Example 17 

BidQQica) Activity of ob Protein in Obese Human Subjects: Reduction of Test Meal Intake Following IV Administration. 

The biological activity of the murine and human ob proteins obtained and purified in accordance with Examples 7- 
1 1 respectively, is determined by measuring test meal intake following IV administration to humans as follows. 

Lean and obese human volunteers are presented with test meals of fixed caloric content in an eating laboratory on 
two occasions using the method of Muurahainen, N.E. et at., supra. At least one hour prior to meal presentation, an ind- 
welling IV catheter is placed In the antecubitaJ or forearm vein and is kept open with a heparin lock. Visual-analog hun- 
ger rating are obtained 15 minutes before, 15 minutes after meal presentation, and at the conclusion of the test meal. 
Murine or human ob protein or saline is then infused IV 20 minutes prior to meal presentation. Each subject is instructed 
to eat as much of the test meal as they wish until they are satisfied. The amount of the test meal ingested by each sub- 
ject is measured. Each subject then receives infusions of either human ob protein (0.5 mg/kg body weight), murine ob 
protein (0.5 mg/kg body weight) or saline and the difference in amount of the test meal ingested under these conditions 
is calculated. In the human or murine ob protein group, there is a reduced amount of meal consumed by at least 20%. 

Example 18 

Biological Activity of ob Protein in Obese Human Subjects: Induction of Weight Los s bv Repeated IV Administration. 

The biological activity of the murine and human ob proteins obtained and purified in accordance with Examples 7- 
1 1 , respectively, is determined by measuring weight loss following repeated IV administration of the ob protein, accord- 
ing to the following method. 

A placebo controBed. double blind weight loss study using the methods of Drerrt, M.L et al, supra, is performed. 
Obese subjects with Body mass index (BMI) greater than 27 are weighed and then placed on a cSet with 1500 Kcal for 
a 2-4 week run-in period. At the end of the run-in period, all obese subjects that lost at least 1 kg body weight are ran- 
domized No two treatment groups matched for weight loss during the run-in phase. Subjects receive daily IV adminis- 
tration of either human or murine ob protein (0.5 mpAg/day) or placebo (saline) tor at least 6 weeks. Body weigh is 
recorded weekly. Those subjects receiving human or murine ob protein have a significant reduction in body weight than 
the placebo group after 6 weeks of treatment: 
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Example 19 

a. Preparation of PohfethYtero efvcpl Cgpjyggteti cfr Protein From £ cpfi Cells 

50 o of E cofi cefl pellet prepared as described in Example 8 prior to resuspensic>n was suspended with 11 of 50mM 
Tris-HQ (pH 8.5) containing 5mM EDTA. The suspension was incubated for 15 minutes at 37°C. diluted with an addi- 
tional 11 of 50mM Trts-HCI (pH 8.5) containing 5mM EDTA. Thereafter, the suspension was homogenized using a 
homogenizef for 15 minutes at 50% power setting. The suspension was darified by c*ntrifugafion at 8.000 rpm. 4°C. 

c*te hour. The pellet was o5scarded. The sm^ 
directly onto a column packed with 200ml of Q-Sepharose Fast Flow (strong anionic km exchange resin). preequ8i- 
brated with 50mM Tris-HCi (pH 8.5). After washing with ihe equilfcration buffer, me acfeorbed ob protein was eluted from 
the column with the same equiSbratlon buffer which additionally contained lOOmM NaCI The eluate obtained after 
treating the column with the eo^iOtbration buffer containing sodium chloride was called OSepharose Buate. 

Solid Nad was added to the aSepahrose Eluate to reach the final conductivity to 82mS. After this, the eiuate was 
applied onto a Hydrophobic Interaction Column (HIC) packed with 200ml butyt-Sepharose Fast Flow. preequStorated 
with 50mM Tris-HQ (pH 8.5) containing 1M NaCI. The unadsorbed matenals were washed away with equibration 
buffer and the adsorbed ob protein was eluted with 50mM arnrnonium acetate (pH 6.9) to produce HIC eluate. The ob 
protein in the HIC eluate was determined to be 95% pure by reverse phase HPLC. The purified ob protein was concen- 
trated to 3.7 mg/rnl using a sizing mernbrane (YM-10). The sizing membrane was a membrane which retained mole- 
cules of 10,000 daltons or greater. After this concentration step, by using a 6izing rnernbrane, the ob protein was 
diaffitered into lOOmM borate buffer (pH 8.0) which was used as the ob stock solution. 

b. Pegylatjon of Human ob Protejn 

In carrying out this pegyiatfon reaction, the PEGfe-NHS reagent of formula II- A wherein R is CH& me sum of n and 
n* range from 820 to 1040 with the average sum being about 930 and having an average molecular weight of 40 kDa 
which was purchased from Shearwater Polymers, HuntsvUle, Alabama was utilized. This was a mixture of PEG^NHS 
reagents of formula ll-A where the ratio of n to n ' is arjproximately 1.0 and the sum of n and n* in this mixture ranged 
from 820 to 1040 units with the average molecular weight of the PEG chain in this mixture being approximately 20kDA 
so mat the average molecular weight of the reagent is approximately 40kDA with the average sum of n and n* in this 
mixture being about 930. To 2 mg or 0.54 ml of the 3.7 rng/ml purified human ob stock solution prepared above in part 
A [125 nmoles ob protein], there was added 250 nmoles of the aforementioned PEGj.NHS reagent solution. This solu- 
tion consisted of 10 mg or 0.1 ml of the 100mg/ml PEG^NHS reagent solution in 1mM HCI. The total reaction mixture 
was made up to 0.67ml by adding lOOmM borate pHS.O. Final molar ratio of protein to reagent was 1 5. This mixture 
was stirred at 4°C for 4 hours and Ihe reaction was stopped by the addition of 1 ^ of giadal acetic add to produce a 
final pH of 4.5. The resulting reacting mixture (0.67mL) was diluted with water to form a 27 ml solution which was loaded 
onto a column containing 1.7ml of carbaxy methylated cattorw; exchange resin (Perseptives. Frarnlngham, Massachu- 
setts). The column was equilibrated with 3.3 uM HEPES/MES/Sodium acetate buffer. pH 5.0. The olluted reaction mix- 
ture was applied to the column and unadsorbed PEGj-NHS reagent was washed off the column. The adsorbed 
pegytated and unmodified ob proteins were eluted with step salt gradients [15 column volumes each] of 80. 150 and 
500 mM NaCI. 2ml of these eluates were separately collected in sequence and the samples of each fraction were sub- 
jected to an SDS-PAGE analysis. From this analysis, the efuartfs were classified as highly pegytated conjugates, 
desired branched mono-PEG-ob (PEGz-ob) and unmodified ob protein. Each of these fractions were pooled into the 
classifications set forth above and the second pool containing the desired branched mono-PEG2-ob protein. This 
desired protein had the structure of compound of formula l-A wherein the sum of n and n' was approximately 820-1 040, 
with the average sum being about 930. R and FT are CH 3 and the average molecular weight of each PEG chain was 
about 20 WkxJaRons. The pegylated product had an average molecular weight of about 56 kDA. The pool containing the 
PEGz-ob was concentrated to 3.7 rng/ml using a YM 10 membrane. YM 10 is a sizing membrane which retains mole- 
cules having molecular weight of 10.000 daltons or greater. After the sizing step, concentrated material was diafiltered 
into a PBS buffer (pH 7.3) and stored frozen at -20°C. This stored product was the pegylated ob protein of Formula l-A 
where the sum of n and n' was approximately 820 to 1040 and the average molecular weight of each ob chain was 
approximately 20kDA. The average molecular weight of the PEG protein in this ob protein conjugate mixture was 
56kDA. 
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Example 20 

BiolQQical Assay of Peovtated Human ob Prot ein: Sincrie IP Injection in oh/tab Mica 
Methods 

Two groups of six rruce femate obese ob/ob mice were stucfied. Mice were housed in plastic cages (three/cage) 
under constant environmental concftions with a 12 hr dark/12 hr fight cyde. 24 hr food intake and body weight were 
measured every day. Following an adaptation period to environmental conditions, dafly handing and infections, me 
mice were sorted into two treatment groups. Each mouse received one intraperitoneal (IP) injections on day 1 of the 
experiment (just before the beginning of the dark phase of the dark/fight cyde) of the 0 .1 ml of foe following solutions: 
Saline (0.9%); human ob protein stock solution prepared in part A of Example 19 (30 vQ/0^ ml); r^egytated control solu- 
tion (an kienticajry processed and purified sample without human ob protein) or pegytated ob protefri (30 jig/0.1 rd) pre- 
pared as described in Example 19. Mice were injected only once, on day 1 . Dairy food intake of foe cage and the body 
weight of each mouse was measured for the next three days and again on day 6. 

Results 

A) Reduction of Food Intake 

Daily food intake was not different in the saline and pegytation control injected mice on the single treatment and two 
subsequent days (Table 5). However, daffy intake was reduced in the six mice injected with 30 ug human ob protein and 
pegyiated human ob protein on the treatment day (5.2, 8.2 vs 1 1.9, 11.4 g) compared to the saline and pegytated con- 
trol injected mice. The food intata of the mice injected with human ob protein returned to control levels, while the food 
intake of the mice injected with pegytated human ob protein remained reduced on the subsequent days of the experi- 
ment. The reduction in food intake was observed 46 hrs after the single injection in the pegyiated human ob protein 
group. The cumulative 24 hr food intake over the three days of the experiment was significantly reduced to 49% of con- 
trol in the pegyiated human ob protein compared to the saline and pegytation control group. 

B) Reduction of Body Weight Qain, 

Change in body weight was not different in the saline and pegylation control injected mice on the single treatment 
and two subsequent days (Table 6). However, body weight was reduced in six mice injected with 30 ug human ob pn> 
tein and pegyiated human ob protein on the treatment day (-0.9, -0.7 vs 0.1, 0.3 g) compared to the saline and 
pegyiated control injected mice. The body weight of the mice injected with human ob protein returned to control levels, 
while the body weight of the mice injected with pegyiated human ob protein continued to decrease on the subsequent 
days of the experiment. Trie continued reduction in body weight was observed 48 hrs after the single injection in the 
pegyiated human ob protein group. The cumulative change in body weight over the six days of the experiment was -1 .6 
grams compared to 0.4 grams in the ob protein group, 0.7 grams in the saline and 1 .1 ± 0.2 grams pegylation control 
groups (Table 6). 

Conclusion 

This example demonstrates that a single IP injection of pegyiated human ob protein (30 ug/rnouse) resulted in a 
significant, sustained reduction of food intake and a significant decrease in body weight of treated female ob/ob mfce 
over three days compared to saline and pegytation control treated ob/ob mica These results demonstrate the pegyiated 
human ob protein has sustained, potent biologically active and has the expected antiobesity effects on genetically 
obese ob/ob mice. 
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Table 5 











... i 




tr~ •■ 




• ui royyidiwj nun tan oo rroiein in OCVOO Mice 


Treatment 


Food Intake (3 micatiay) 




day 1 


day 2 


day 3 




g 


o%f control 


g 


%of control 


g 


% of control 


Saline 


11.9 


100 


13.7 


100 


13.6 


100 


ob Protein 


5.2 


43.7 


11.7 


85.4 


12.5 


92 


Pegyfated Control 


11.4 


95.8 


4.5 


106 


13.4 


99 


Pegyfated ob Protein 


8.2 


68.9 


6.0 


43.8 


4.9 


36 



Data are mean tor six ob/ob mice in each group. Food intake is mean dafly food intake for cages of three mice on each 
day of the experiment after the single IP injection on day 1. Note persistent reduction in daily food intake only in the 
pegyfated ob protein group. 



Table 6 



Change in Body Weight of a Single IP Administration of 
Pegyfated Human ob Protein in ob/ob Mice 


Treatment 


Change in Body Weight (grams) 




day 1 


day 2 


day 3 


day 6 


Saline 


0.1 


0.6 


0.01 


-0.01 


ob Protein 


-0.9 


1.1 


0.2 


ND 


Pegyfated Control 


0.3 


0.4 


0.6 


•02 


Pegyfated ob Protein 


-0.7 


-0.6 


-0.9 


0.6 



Data are mean tor six ob/ob mice in each group. Mice received a single IP injection on Day 1 only. Change in body 
weight is the change in body weight on each of the days of the experiment Note persistent weight loss only in the 
pegytated ob protein group. ND in the Table indicates not determined. 
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SEQUENCE LISTING 



5 (1) GENERAL INFORMATION : 

(i) APPLICANT: 

(A) NAME: F. HOFFMANN- LA ROCHE AG 

(B) STREET: Grenracherstrasse 124 

(C) CITY: Basle* 
10 (D) STATE: BS 

(B) COUNTRY: Switzerland 

(P) POSTAL 00D8 (ZIP) : CH-4070 

(G) TELEPHONE: 061 - 688 42 56 

(H) TELEFAX: 061 - 688 13 95 

(I) TELEX: 962292/965542 hlr ch 

15 

<ii) TITLE OP INVENTION: Recombinant Obese (ob) Protein* 

< iii > NUMBER OF SEQUENCES: 8 

30 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: System 7.1 (Macintosh) 

(D) SOFTWARE: Word 5.0 

25 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 702 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cCNA 
35 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



45 



50 



CAAGGTGCAA 


GAAGAAGAAG 


ATCCCAGGGA GGAAAATGTG CTGGAGACCC 


CTGTGTCGGT 


60 


TCCTGTGGCT 


TTGGTCCTAT 


CTGTCTTATG TTCAAGCAGT GCCTATCCAG 


AAAGTCCAGG 


120 


ATGACACCAA 


AACCCTCATC 


AAGACCATTG TCACCAGGAT CAATGACATT 


TCACACACGC 


180 


AGTCGGTATC 


CGCCAAGCAG 


AGGGTCACTG GCTTGGACTT CATTCCTGGG 


CTTCACCCCA 


240 


TTCTGAGTTT 


GTCCAAGATG 


GACCAGACTC TGGCAGTCTA TCAACAGGTC 


CTCACCAGCC 


300 


TGCCTTCCCA 


AAATGTGCTG 


CAGATAGCCA ATGACCTOGA GAATCTCCGA 


GACCTCCTCC 


360 


ATCTGCTGGC 


CTTCTCCAAG 


AGCTGCTCCC TGCCTCAGAC CAGTQGCCTG 


CAGAAGCCAG 


420 
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AGAQCCTGGA TGGCGTCCTG GAAGCCTCAC TCTACTCCAC AGAGGTGGTG GCTTTGAGCA 480 

GGCTGCAGGG CTCTCTGCAG GACATTCTTC AACAGTTnr-A TGT?*£CCCT GAATGCTOAA 5io 

GTTTCAAAGG CCACCAGGCT CCCAAGAATC ATGTAGAGGG AAGAAACCTT GGCTTCCAGG 600 

CGTCTTCAGG AOAAGAGAQC CATGTGCACA CATCCATCXT TCATTTCTCT CCCTCCTGTA 660 

GACCACCCAT CCAAAGGCAT GACTCCACAA TGCTTGACTC AA 702 
(2) INFORMATION FOR SBQ ID SO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 167 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS ; not relevant 
(O) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Mat Cys Trp Arg Pro Lou Cys Ary Phe Lou Trp Leu Trp Ser Tyr Leu 

„ 1 5 10 15 

Ser Tyr Val Gin Ala Val Pro He Gin Lys Val Gin Asp Asp Thr Lys 

30 20 25 30 

Thr Leu He Lys Thr He Val Thr Arg He Asn Asp He Ser Hia Thr 
35 40 45 

Gin Ser Val Ser Ala Lys Gin Arg Val Thr Gly Leu Asp Phe He Pro 

35 50 55 60 

Gly Leu His Pro He Leu Ser Leu Ser Lys Met Asp Gin Thr Leu Ala 
65 70 75 80 

Val Tyr Gin Gin Val Leu Thr Ser Leu Pro Ser Gin Asn Val Leu Gin 
40 8 5 9 0 9 5 

He Ala Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala 
100 105 110 

Phe Ser Lys Ser Cys Ssr Leu Pro Gin Thr Ser Gly Leu Gin Lys Pro 
*5 115 120 125 

Glu Ser Leu Asp Gly Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val 
130 135 140 

Val Ala Leu Ser Arg Leu Gin Gly Ser Leu Gin Asp He Leu Gin Gin 
SO 145 150 155 160 

Leu Asp Val Ser Pro Glu Cys 
165 
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(2) INFORMATION FOR SEQ ID 810:3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 146 Amino acids 

(B) TYPE : amino acid 

(C) STRAND EDNESS : not relevant 

(D) TOPOLOGY: unknown 

<ii> MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



20 



25 



35 



40 



45 



SO 



(Ki) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Val Pro lie Gin Lys Val Gin Asp Asp Tor Lys Thr Leu lie Lys Thr 
15 10 15 

He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ala 
20 25 30 

Lys Gin Arg Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 
35 40 45 

Leu Ser Leu Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin Val 

50 55 60 

Leu Tor Ser Leu Pro Ser Gin Asn Val Leu Gin He Ala Asn Asp Leu 

65 70 75 80 

Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys 

85 90 95 

Ser Leu Pro Gin Tor Ser Gly Leu Gin Lys Pro Glu Ser Leu Asp Gly 
100 105 X10 

Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 

115 120 125 

Leu Gin Gly Ser Leu Gin Asp He Leu Gin Gin Leu Asp Val Ser Pro 

130 135 140 

Glu Cys 
145 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 690 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



55 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 

5TTGCAAGCC CCAACAAGCC CATCCTGGGA AGGAAAAtGC ATTGGGGAAC CCTGTGCGGA 60 

TTCTTGTGGC TTTGGCCCTA TCTTTTCTAT GTCCAAGCTG TGCCCATCCA AAAASTCCAA 120 

GATGACACCA AAACCCTCAT CAAGACAATT GTCACCAGGA TCAATGACAT TTCACACACG 180 

CAGTCAGTCT CCTCCAAACA GAAAOTCACC GGTTTQGACT TCATTCCTQG GCTCCACCCC 240 

ATCCTGACCT TATCCAAGAT OGACCAGACA CTGGCAGTCT ACCAACAGAT CCTCACCAGT 300 

ATGCCTTCCA GAAACGTGAT CCAAATATCC AACGACCTGG AGAACCTCCG GGATCTTCTT 360 

is CACGTGCTGG CCTTCTCTAA GAGCTGCCAC TTGCCCTOGG CCAGTGGCCT GGAGACCTTG 420 

GACAGCCTGG GGGGTGTCCT GGAAGCTTCA GGCTACTCCA CAGAGGTGGT OGCCCTCW3C 480 

AOGCTGCAOG GGTCTCTGCA GGACATGCTG TGCCAGCTGG ACCTCAOCCC TG GG TOCTCA 540 

x GGCCTTGAAG GTCACTCTTC CTGCAAGGAC TACGTTAAGG GAAGGAACTC TGGCTTCCAG 600 

GTATCTCCAG GATTGAAGAG CATTGCATGG ACACCCCTTA TCCAGGACTC TGTCAATTTC 660 
CCTGACTCCT CTAAGCCACT CTTCCAAAGG 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 167 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 
30 (D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

35 (iv) ANTI-SENSE: NO 



690 



40 



45 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met His Trp Gly Thr Leu Cyn Gly Phe Leu Trp Leu Trp Pro Tyr Leu 
1 5 10 15 

Phe Tyr Val Gin Ala Val Pro lie Gin Lys Val Gin Aap Asp Thr Lys 
20 25 30 

Thr Leu lie Lys Thr lie Val Thr Arg lie Asn Asp He Ser His Thr 
35 40 45 

Gla Ser Val Ser Ser Lys Gin Lys Val Thr Gly Leu Asp Phe He Pro 
50 55 60 

Gly Leu His Pro lie Leu Thr Leu Ser Lys Met Asp Gin Thr Leu Ala 
65 70 75 80 
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10 



15 



20 



25 



35 



40 



45 



50 



55 



Val Tyr Gin Gin He Leu Thr Ser Met Pro Sex Arg Asn Val .He Gin 
85 90 95 

He Ser Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu Bis Val Leu Ala 

100 105 HO 

Phe Ser Lys Ser Cys His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu 
115 120 125 

Asp Ser Leu Gly Gly Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val 
130 135 140 

Val Ala Leu Ser Arg Leu Gin Gly Ser Leu Gin Asp Met Leu Trp Gin 
145 150 155 160 

Leu Asp Leu Ser Pro Gly Cys 
165 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 146 amino acids 

(B) TYPE: amino acid 

(C> STRANDEDNESS : not relevant 
(D) TOPOLOGY: unknown 

<ii) MOLECULE TYPE: peptide 

tiii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQDEKCE DESCRIPTION: SEQ ID NO: 6: 

Val Pro lie Gin Lys Val Gin Asp Asp Thr Lys Thr Leu lie Lys Thr 

15 10 15 

lie Vol Thr Arg lie Asn Asp He Ser His Thr Gin Ser Val Ser Ser 
20 25 30 

Lys Gin Lys Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 

35 40 45 

Leu Thr Leu- Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin He 
50 55 60 

Leu Thr Ser Met Pro Ser Arg Asn Val He Gin He Ser Asn Asp Leu 
65 70 75 80 

Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys 
85 90 95 

His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly 
100 105 HO 

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 

115 120 125 
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Leu Gin Gly Ser Leu Gin Asp Met Leu Trp Gin Leu Asp Leu Ser Pro 
130 135 140 

Gly Cys 
145 



(2) INFORMATION FOR SEQ ID NO:7: 



(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 63 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

( ii) MOLECULE TYPE: DMA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
25 ATGAAAAAGA CAGCTATCGC GATTGCAGTG GCACTGGCTG GTTTCGCTAC CGTAGCGCAG 60 

GCC 63 
(2) INFORMATION FOR SEQ ID NO:8: 

30 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: unknown 

35 

(ii) MOLECULE TYPE : peptide 
(iii) HYPOTHETICAL: NO 
„ (iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

45 

Met Lys Lys Thr Ala lie Ala He Ala Val Ala Leu Ala Gly Phe Ala 
1 5 10 15 

Thr Val Ala Gin Ala 



ss Claims 



1. Homogeneous biologically active human obese protein or fragment thereof, which fragment has the biotogical 
activity of said protein. 
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2. The protein or fragment of daim 1. wherein the biological activity of said protein or fragment is characterized by 
reducing food intake in mammals and reducing rate of weight gain in mammals. 

!V. Tho nrrrtoin nt rtaim 1 nnnw«;>«A OCH IP* MTV c 

- " • f~ * » ww. . y*-* >y vtM »w I V. 

4. Recombinant ttotogicaOy active human obese protein free of other mammalian proteins or fragment thereof, which 
fragment has the biological activity of said protein. 

5. The protein or fragment of claim 4, wherein the biological activity of said protein is characterized by reducing food 
intake in mammals and reducing rate of weight gain in mammals. 

6. The protein of claim 4 comprising SEQ ID NO: 6. 

7. Homogeneous biologically active murine obese protein or fragment thereof, which fragment has the biological 
activity of said protein. 

8. The protein or fragment of claim 7, wherein the biological activity of said protein or fragment is characterized by 
reducing food intake in mammate and reducing rate of weight gain in mammala 

9. The protein of claim 7 comprising SEQ ID MO: 3. 

1 0. Recombinant biologically active murine obese protein free of other mammalian proteins or fragment thereof, which 
fragment has the biological activity of said protein. 

11. The protein of daim 10. wherein the biological activity of said protein is characterized by reducing food intake in 
mammals and reducing rate of weight gain in mammals. 

12. The protein of claim 10 comprising SEQ ID NO: 3. 

13. An expression vector comprising: 

a) a promoter sequence, and 

b) a DNA sequence encoding a fusion protein, which fusion protein comprises the murine ob protein of SEQ 
ID NO: 3 or the human ob protein of SEQ ID NO: 6. and the signal peptide for the outer membrane protein A 
of E. coli, 

which expression vector is capable of expressing the fusion protein in Escherichia coli host cells. 

14. The expression vector of daim 13, wherein the promoter sequence consists of both a lac -promoter operator and a 
lipoprotein promoter. 

15. A fusion protein comprising the murine obese protein or the human obese protein, and the signal peptide tor the 
outer membrane protein A of Escherichia coli. 

16. A fusion protein of daim 15. wherein the murine obese protein comprises SEQ ID NO: 3 and wherein the human 
obese protein comprises SEQ ID NO: 6. 

17. A DNA sequence comprising a first and second part, wherein: 

(a) the first part is the sOmpA gene sequence of SEQ ID NO: 7 encoding the sOmpA peptide; and 

(b) the second part is the nucleotide sequence encoding the murine ob protein or the nucleotide sequence 
encoding the human ob protein. 

18. The DNA sequence of claim 1 7. wherein the murine ob protein comprises SEQ ID NO: 3. 

19. The DNA sequence of daim 17, wherein the human ob protein comprises SEQ ID NO: 6. 

20. An Escherichia coli host organism transformed with the expression vector of daim 13. 
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21. A method of producing biologically active recombinant human or murine obese protein free of other mammalian 
proteins comprising the steps ot 

a) constructing an expression vector hm^rvj a promoter sec^ence, arri a DNA sequence c5CCA«ng a (usiuii 
protein, which fusion protein comprises SEQ ID NO: 3 or SEQ ID NO: 6, and the signal peptide for the outer 
membrane protein A of EL coti; 

b) inserting the expression vector into an E. coB host cell to transform the E. cofi host cell; 

c) expressing the fusion protein in the E. coti host ceB; and 

d) treating the E. ooO host cefl with cold osmotic shock buffer to Sberate the murine or human ob protein tree of 
other mammalian proteins and free of the signal peptide. 

22. The human ob gene sequence comprising SEQ ID MO. 4. 

23. A method of producing homogeneous biologically active recombinant human or murine obese protein comprising 
subjecting the osmotic fluid containing the human or murine obese protein to a corrtoination of anion exchange col- 
umn chromatography, hydrophobic interaction column chroma to graphy and get filtration. 

24. A composition comprising one or more conjugates of polyethylene glycol and/or polypropylene glycol finked to a 
human or murine ob protein as claimed in claims 1 to 1 2 the average molecular weight of tie polyethylene a poly- 
propylene glycol units in said conjugates within said composition being between 15 kDa to 60 kDa. 

25. A composition comprising one or more conjugates of the formula: 



O 

R'OCHjC^COCHjCH^ O C NH 



(CH^ 



CH 

ROOT 2 CH 2 (OCH 2 CH 2 ) n O C NH^ NH P 



O 



I-A 



wherein P is a human or murine ob protein as claimed in claims 1 to 12, n and n' are integers having a sum of from 
300 to 1 500. the average molecular weight of the polyethylene glycol units in said conjugates within said composi- 
tion being from 15 kDa to 60 kDa, and R and FT are lower alkyf. 

26. A composition of claim 25 wherein the sum of n and n' are from about 800 to 1200 and the average molecular 
weight of the polyethylene glycol units In said conjugate within said composition being from 35 to 45 kDa 

27. A composition comprising one or more conjugates of the formula: 



RO(CH 2 CH 2 0) n CH 2 CH 2 C NH P 



I-B 
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wherein P is a human or murine ob protein as claimed in claims 1 to 12. n is an integer having a sum of from 300 
to 1500. the average molecular weight of the polyethylene glycol units in said conjugates wrthri said composition 
being from 15 kDa to 60 kDa. and R is lower aJkyt. 

28. A composition of daim 27 wherein n is from about 850 to 1 000 and the average molecular weight of the polyethyl- 
ene glycol units in said conjugates within said cornpositton being from 35 to 45 kDa. 

29. The human or murine ob protein as claimed in claims 1 to 1 2 or a conposrticn as claimed in claims 24-28 as ther- 
apeutfcafly active agents. 

30. The human or murine ob protein as claimed in damns 1 to 1 2 or a compositions as claimed in claims 24-28 as frer- 
apeuticafly active agents for the treatment, prevention and control of obesity and assoriated diseases. 

31. A prwrnaceutical composition comprising a human or murine ob protein as claimed in claims 1 to 12 or a compo- 
sition as claimed in daims 24-28 and a compatible pharmaceutical ry acceptable carrier material. 

32. The use of a human or murine ob protein as daimed in claims 1 to 12 or a composition as daimed in claims 24-28 
for the preparation of pharmaceutical compositions. 

33. The use of a human or murine ob protein as daimed in claims 1 to 12 or a composition as claimed in claims 24-58 
for the preparation of pharmaceutical compositions for the treatment prevention and control of obesity and associ- 
ated diseases. 

34. The use of a human or murine ob protein as claimed in claims 1 to 12 for identifying ob protein receptors). 

35. The use of an expression vedor as daimed in daims 13 and 14 for producing human or murine ob protein as 
daimed in daims 1 to 12. 

36. The use of a DNA sequence as daimed in claims 1 7 to 1 9 for producing human or murine ob protein as claimed in 
daims 1 to 12. 

37. The use of the Escherichia coli host organism for producing human or murine ob protein as claimed in daims 1 to 
12. 

38. Homogeneous bidogjcally active recombinant human or murine ob protein whenever prepared by a process as 
daimed in claim 21 or 23. 
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Figure 1 
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Figure 2 
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Figure 3 
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